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Possibly the world of external facts is much more fertile and plastic 
than we have ventured to suppose; it may be that all these cosmo- 
logies and many more analyses and classifications are genuine ways 
of arranging what nature offers to our understanding, and that the 
main condition determining our selection between them is some- 
thing in us rather than something in the external world. 

E. A. Burtt, The Metaphysical Foundations of Modern Science, 

p. 305 

If we cannot bear the paradox of accepting that genuine knowledge 
may be fallible, then we must ban the term altogether from 
productions of the human intellect. 

J. R. Ravetz, Scientific Knowledge and Its Social Problems, p. 236 
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The Customary Sociological 
View of Science 


The sociology of knowledge has a long history. Its origins are sometimes 
traced back as far as the writings of Francis Bacon, and it certainly 
appears as an important element in the work of the ‘founding fathers’ of 
sociology, such as Marx, Pareto and Durkheim. It continues to be a 
thriving area of investigation today, although its practitioners have 
tended to concentrate increasingly on detailed studies of specific bodies 
of knowledge and belief, instead of presenting the kind of general 
analytical formulae favoured by their forebears. Despite this long 
tradition, little agreement has been achieved. The field is still characteri- 
sed by a great diversity of aims and interpretative schemes. This is true to 
such an extent that some authors are unwilling to offer any definition at 
all of the sociology of knowledge (Curtis and Petras, 1970, p. 7), whilst 
those who risk making the attempt are forced to devise very general 
formulations in order to cover the entire corpus of relevant literature and 
encompass the full range of phenomena to be studied. Thus Merton 
(1957, p. 456), having noted that the term ‘knowledge’ must be inter- 
preted very broadly indeed in this context as covering ‘virtually the entire 
gamut of cultural products’, writes that the sociology of knowledge ‘is 
primarily concerned with the relations between knowledge and other 
existential factors in the society or culture. General and even vague as 
this formulation of the central purpose may be, a more specific statement 
will not serve to include the diverse approaches which have been 
developed. ’ Within the wide range of issues covered by such a definition, 
one reasonably clear distinction can be made, namely, that between 
popular belief and commonsense or everyday knowledge, on the one 
hand, and systematised, specialised knowledge, on the other hand 
(Berger and Luckmann, 1967). In this book, I shall be concerned 
exclusively with the latter, that is, with the sociological analysis of 
specialised knowledge. 

One of the central concerns of sociologists of knowledge has been to 
show how specialised bodies of thought and knowledge, such as aesthe- 
tic, moral and philosophical systems, religious creeds and political 
principles, are influenced by the social and cultural contexts in which 
they are produced. The guiding assumption behind this kind of analysis 



is clearly expressed by Mannheim. It is that the sociology of knowledge 
explores the ‘varying ways in which objects present themselves to the 
subject according to differences in social settings . . . when and where 
social structures come to express themselves in the structure of asser- 
tions, and in what sense the former concretely determine the latter’ 
(1936, p. 265). This general statement leads immediately to a number of 
more specific questions. We are led to ask, for instance: what kinds of 
social and cultural factors exercise an influence on mental productions 
and in what degree? What kinds of connections are there between social 
and cultural influences and mental productions? Which aspects of these 
mental productions are we trying to account for — their form, their 
content, their incidence, their generation or their acceptance? And most 
important of all, for the purposes of this chapter, which mental 
productions are open to this kind of sociological analysis? Are we to 
include all cultural products or only certain classes of them? 

When we examine which areas of knowledge have actually been 
subject to empirical investigation, we find that scientific and mathemati- 
cal thought has been almost completely ignored by sociologists. I do not 
mean by this that there have been no sociological studies of scientists or 
of the scientific community. What has been absent, until very recently, 
has been the empirical investigation from a sociological perspective of 
scientific knowledge and its social construction. In addition, although 
most sociologists of knowledge have discussed science in general terms, 
they have repeatedly rejected in principle the possibility that the form or 
content of scientific knowledge, as distinct from its incidence or recep- 
tion, might be in some way socially contingent. Instead, they have argued 
strongly, albeit with occasional uncertainty, that the substance of 
scientific knowledge is independent of social influence and they have 
tried to justify this assertion on philosophical grounds. They have 
claimed, in short, that science is a special sociological case because it has 
a special epistemological status. Because this line of reasoning has been 
generally accepted, sociologists have left the close analysis of scientific 
knowledge to the philosophers of science and to the historians of ideas. 

After many years in which it seemed to have been conclusively settled 
that scientific knowledge was exempt from sociological analysis, debate 
has recently begun again. This has been, in part, a consequence of radical 
changes in the views of science held by historians and philosophers. 
Throughout the 1960s, a number of historians and philosophers found 
themselves either bordering on or actively engaged in sociological inter- 
pretation of science as they responded to the traditional problems of their 
own disciplines. Gradually, these new ideas have entered sociology, 
helping to undermine the epistemological assumptions which had vir- 
tually required the sociology of knowledge to treat science as a special 
case. As the restrictions imposed by the old epistemology have become 
weaker, so sociologists have sought to extend and modify the work of the 



philosophers and historians in order to produce, for the first time, a 
genuine sociology of scientific knowledge. In later chapters I will 
describe some of the recent changes in the philosophy and historiography 
of science as well as certain parallel changes in sociological analysis. For 
the remainder of this chapter I will examine several major contributions 
to the sociology of knowledge and the sociology of science, in order to 
show that, despite occasional speculation and dissent, science has 
customarily been regarded as a special sociological case, and also to 
clarify the philosophical rationale which underlay this position. 

THE CLASSIC VIEW OF SCIENCE. DURKHEIM AND MARX 

All the major contributors in the nineteenth century to the incipient 
sociology of knowledge were doubtful about the possibility of including 
natural science within its scope. Let me illustrate this with respect to 
Emile Durkheim and Karl Marx. It is true that Durkheim attempted to 
provide a sociological account of the genesis of man’s basic categories of 
thought and his forms of reasoning. He argued, for instance, that ideas 
of time and space, force and contradiction vary from one group to 
another and within the same group from one period to another. For 
Durkheim, the existence of such cultural variation showed that our basic 
categories and our rules of logic depend to some extent on factors that 
are historical and consequently social (1915, pp. 12-13). This appears to 
make an analysis of the cognitive content of science distinctly possible, 
because it seems that the conclusions of every particular intellectual 
community will be constrained at least partly by such factors as their 
cultural resources, the structure of their social group and their place in 
the wider society. But although Durkheim does not abandon this general 
position, he does modify some of its details so as to remove scientific 
knowledge from analytical consideration. 

In the first place, he takes steps to avoid a completely relativist 
position, in which the social origin of categories and forms of reasoning 
could be seen to render them wholly arbitrary so far as their application 
to nature is concerned. 

From the fact that the ideas of time, space, class, cause or personality 
are constructed out of social elements, it is not necessary to conclude 
that they are devoid of all objective value. On the contrary, their social 
origin rather leads to the belief that they are not without foundation in 
the nature of things. (1915, p. 19) 

Durkheim reaches this conclusion by postulating a unity between the 
physical and social worlds. Thus a group’s conception of time, he 
suggests, will be derived from the social rhythms of its collective life. But 
these social rhythms will be linked to, and in a sense part of, more 



inclusive periodicities in the physical world. The physical and the social 
worlds constitute one overall realm of natural phenomena. Accordingly, 
in Durkheim’s view, it follows that conceptions arising out of social 
regularities will be applicable to parallel regularities in the physical 
world. However, Durkheim’s argument here is extremely general. It 
applies equally to all human groups. It establishes, at most, only that all 
socially derived categories will have some, unspecified, degree of ‘object- 
ivity’. The problem remains of how to judge between divergent accounts 
of the physical world offered by the members of different social groups. 
Durkheim does not appear to recognise this difficulty explicitly. But it 
becomes clear in his account of social evolution that he can and does 
employ a more discriminating criterion of objectivity. Objectivity, he 
argues, becomes increasingly attainable as social evolution unfolds and 
as science replaces religion as the basis for human thought about the 
natural world. 

. . . the essential ideas of scientific logic are of religious i.e. social 
origin . . . [but] science gives them a new elaboration; it purges them of 
all accidental elements; in a general way, it brings a spirit of criticism 
into all its doings, which religion ignores; it surrounds itself with pre- 
cautions to ‘escape precipitation and bias’, and to hold aside the 
passions, prejudices and all subjective influences . . . Having left 
religion, science tends to substitute itself for this latter in all that which 
concerns the cognitive and intellectual functions. (1915, p. 429) 

Durkheim describes at a rather general level the social conditions 
which he believes are responsible for this fundamental transition in 
human thought. His central claim is that the growth in size of human 
societies and their progressive internal differentiation increasingly liber- 
ate intellectual activity from social constraint. Scientific thought is an 
outcome of this liberation and its conclusions are, therefore, compara- 
tively unaffected by direct social influences. Religious thought about the 
natural world, originating in cohesive, small-scale societies, was per- 
meated by categories and presuppositions derived from social life. But as 
societies become more complex and the form of social solidarity becomes 
less restricting, so it is increasingly possible for certain sectors of society 
to refine their conceptions and their techniques of observation in 
accordance with the actual realities of the natural world. The concepts 
and conclusions of science, he maintains, are increasingly adopted 
because they are true and not simply, as is primarily the case with 
religious beliefs, because they are collective (1915, p. 437). 

A sociological analysis of science is possible, then, for Durkheim; but 
in a more limited form than is the case for other areas of intellectual 
endeavour. In principle, we can show how certain social developments 
have brought about the emergence of science; we can investigate whether 



the scientific community has certain distinctive features v^hich make 
possible the institutionalisation of the scientific method and the virtual 
elimination of bias, prejudice and intellectual distortion; and we can 
observe how the minority views of the scientific specialist are received by 
the other sectors of highly differentiated societies. All this we can do, and 
perhaps more. But we cannot give a sociological account of scientific 
knowledge because, to the extent that it is truly scientific, it is indepen- 
dent of its social context. Genuine sciences, such as astronomy, physics 
and biology, are based on observable facts about the physical world. The 
conclusions of these sciences are derived from the facts, instead of being 
imposed upon them. Science represents phenomena not in terms of 
culturally contingent ideas, ‘but in terms of their inherent properties' 
(1938, p. 35). 

Durkheim's analysis of the social origins of knowledge and belief was 
undertaken as an explicit exercise in the sociology of knowledge. As a 
result, his verdict with respect to science is relatively unambiguous. In 
contrast, Marx’s view of science as a social phenomenon emerges in a 
piecemeal fashion in the course of his wide-ranging examination of 
consciousness, ideology and modes of production. His conclusions about 
science are, therefore, less clear-cut and there have been somewhat 
different interpretations of how far he saw social factors as determining 
the content of science. Consequently, it will be necessary to look briefly 
at two different approaches, both of which claim to be forms of Marxist 
analysis. (There are numerous important writings on science in the 
Marxist tradition which I have too little space to examine here: for 
example, Marcuse, 1962; Habermas, 1972.) Let me begin with those 
relevant features of Marx’s work about which there is little disagreement. 

The history of mankind takes place within the natural setting provided 
by the objective world, a setting which is continuously transformed by 
human actions. By acting on the natural world man produces the means 
of his own existence. The repetitive relationships between people which 
grow out of this productive, economic activity are fundamental to all 
societies, constituting the major influence upon their overall structures 
and their mental productions. In the course of acting upon the natural 
world man generates knowledge about that world. This knowledge is 
formulated in response to the interests and economic concerns of various 
social groups; and is constrained by the ideological assumptions current 
within particular modes of production. Such knowledge is used to 
manipulate natural phenomena and to support, or, in certain circum- 
stances, to transform existing social relationships. 

The growth and elaboration of scientific knowledge of the natural 
world was greatly stimulated by the emergence of capitalist society. The 
economic tasks faced by the bourgeoisie in the seventeenth and eight- 
eenth centuries drew attention to certain technological issues which 
stimulated an increasingly practical approach to questions of natural 
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philosophy on the part of the intellectual representatives of this class. In 
due course, the new natural philosophy began to generate practically 
effective scientific knowledge, which was used by the capitalist class as a 
direct means of economic production. As scientific knowledge improved 
production, so more resources were made available for the support of 
scientific investigation. Consequently, throughout the nineteenth century 
and up to the present day, science has become intimately bound up with 
the capitalist economy and the continuous technological innovation 
which capitalism appears to require. 

The bourgeoisie . . . has created more massive and more colossal forces 
than have all preceding generations altogether. Subjection of Nature’s 
forces to man, machinery, application of chemistry to industry and 
agriculture, steam navigation, electric telegraphs . . . what early cen- 
tury had even a presentiment that such productive forces slumbered in 
the lap of social labour? (Marx and Engels, 1965, p. 47) 

Thus capitalism needs and promotes ‘the development of the natural 
sciences to their highest point’ (Marx, 1973, p. 409). 

Initially natural science, like capitalism itself, was a liberating force, 
setting men free from superstition and the ideological confusions of 
religious thought. But in due course science necessarily became an 
exploitative resource for the bourgeoisie. Particularly within the realm of 
industrial production, science contributed significantly to the ‘dehuman- 
isation of man’ (Marx, 1974, p. 97). Objective, scientific knowledge was 
increasingly used to create economic and administrative technologies 
which restricted narrowly the actions and initiatives available to their 
‘operatives’. 

The unity of thought and action, conception and execution, hand and 
mind, which capitalism threatened from its beginnings, is now 
attacked by a systematic dissolution employing all the resources of 
science and the various engineering disciplines based upon it. The 
subjective factor of the labor process is removed to a place among its 
inanimate objective factors. To the materials and instruments of 
production are added a ‘labor force’, another ‘factor of production’ 
. . . This is the ideal toward which management . . . uses and shapes 
every productive innovation furnished by science. (Braverman, 1974, 
pp. 171-2) 

The central theme, then, of the Marxist analysis of science is to see the 
latter as a social creation and to stress that its consequences, its uses and 
the direction in which it develops can only be understood in relation to 
the wider social context. There are some similarities with Durkheim; 
science is viewed from an evolutionary perspective, as being set in motion 
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by changes in the structure of society and as undermining the effective- 
ness of the religious beliefs which helped to hold together pre-capitalist 
social forms. But Marx goes farther than Durkheim, although by no 
means far enough, toward analysing the production of science in 
complex, differentiated societies. This is possible for Marx because he 
avoids Durkheim's reliance on an inherently ambiguous notion of simple 
‘correspondence’ between concepts and thought, on the one hand, and 
general features of social structure, on the other. Marx offers in addition 
a dynamic account of social processes which can be used to describe some 
of the links between science and society. In particular, he stresses that 
societies are composed of relatively distinct groupings, the members of 
which have opposing interests as well as an unequal capacity for 
controlling the actions of others. Consequently, the direction taken by 
modern science, its rapid rate of growth and the manner of its applica- 
tion in industry and government can be seen to have been largely 
determined by the technological objectives of a particular dominant 
group, namely, the bourgeoisie. The bourgeoisie has been the one group 
in capitalist society able to deploy surplus economic product to generate 
new scientific knowledge directly relevant to its own objectives. 

But what of the form and content of scientific knowledge? In the 
following passage, Marx seems to come close to arguing that the very 
laws of natural science are merely a device for achieving socially 
contingent objectives. Under capitalism, he claims: 

. . . nature becomes purely an object for mankind, purely a matter of 
utility; ceases to be recognised as a power for itself; and the theoretical 
discovery of autonomous laws appears merely as a ruse so as to 
subjugate it under human needs, whether as an object of consumption 
or as a means of production. (1973, p. 410, emphasis added) 

This reading of Marx has been developed most fully within the Russian 
Marxist tradition. For example, in a now famous paper, Boris Hessen 
(1931) tries to interpret Newton’s Principia within a Marxist framework. 
He presents evidence to show, first of all, that there was a close identity 
between the central technical problems facing the entrepreneurs of the 
emergent capitalist economy during Newton’s period and the major 
scientific problems formulated by natural philosophers at that time (see 
also Merton, 1936). He also tries to show that these same technical 
problems provided the focus of Newton’s influential work. Conse- 
quently, Newton’s work can be seen partly as an indirect response from 
the intellectuals of the bourgeois class to difficulties arising in the course 
of economic production. However, the content of Newton’s Principia 
cannot be explained quite as simply as that. Although the economic 
factor is fundamental to the materialist conception of history, this does 
not mean in Hessen’s view that it is the sole determining influence upon 
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any particular set of ideas. Accordingly, he attempts to complete his 
analysis of Newton’s work by showing how Newton drew selectively 
upon the cultural resources available to a member of his class, for 
example, in the form of political, juridical, philosophical and religious 
beliefs, and by showing how these ideological elements influenced and 
limited Newton’s thought. 

Although Hessen strongly urges that science is not ‘a passive, contem- 
plative acceptance of reality, but ... a means to effect its active recon- 
struction’, he manages to reconcile this view with commitment to the 
Marxist-Leninist notion ‘that genuine scientific knowledge of the laws of 
the historical process leads with irrefutable iron necessity’ to certain 
political conclusions (Hessen, 1931, p. 211). Hessen’s position is clearly 
not without ambiguity or irony. However, I do not intend to examine 
further Hessen’s essay or to assess its merits and defects. It merely serves 
here to illustrate that Marx can be interpreted in a strong sense, that is, as 
implying that the content of established scientific knowledge should be 
treated to a considerable extent as the outcome of specifiable social 
processes. On the whole, however, academic sociology has not adopted 
this reading of Marx. Merton, for example, having noted that Marxist 
analysis allows the different spheres of mental production varying 
degrees of independence from the economic base, decides that Marx and 
Engels regard science as having a greater degree of independence than 
any other realm of thought. The following passage is quoted as crucial 
evidence for this interpretation: 

With the change of the economic foundation the entire immense super- 
structure is more or less rapidly transformed. In considering such 
transformations the distinction should always be made between the 
material transformation of the economic conditions of production 
which can be determined with the precision of natural science^ and the 
legal, political, religious, aesthetic or philosophic — in short, ideologi- 
cal forms in which men become conscious of this conflict and fight it 
out. (Marx, 1904, p. 12, italics added by Merton) 

But this passage is not viewed on its own. It is interpreted in the light of 
what Merton regards as the overall trend in Marx’s treatment of science. 
‘ . . . one line of development of Marxism, from the early German 
Ideology to the latter writings of Engels, consists in a progressive 
definition (and delimitation) of the extent to which the relations of 
production do in fact condition knowledge and forms of thought’ 
(Merton, 1973, p. 14). Merton’s final reading, therefore, is that although 
the focus of attention of natural science may be socially determined, this 
is true neither of its conceptual apparatus nor of its substantive conclu- 
sions. Marx and Engels are seen as granting science a status quite distinct 
from that of ideology. 
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It might be objected at this point that Merton is unlikely to be an 
accurate interpreter of Marx, given that his own theoretical frame of 
reference, that of functional analysis, is so different. Whether this is true 
or not, Merton’s interpretation of Marx, which is also his own view, is 
important if only because Merton’s work has exerted such a pervasive 
influence on the sociological analysis of science. Moreover, it is worth 
noting that many authors strongly committed to a Marxist analysis of 
science have reached similar conclusions. To illustrate this point, let me 
discuss briefly a recent essay by Rose and Rose. These authors certainly 
pay more attention than does Merton to Marx’s idea that science 
generates its own ideology. They emphasise that ‘scientism’ or ‘positiv- 
ism’ has become so dominant in present-day industrial societies that any 
knowledge-claim which falls outside its scope is widely regarded as 
necessarily vacuous. They write that: 

. . . science becomes an ideology and scientists the ideologists. How 
does this work? As the material world controls the limits of an inter- 
pretation of the scientist in his own work, the answer lies, as Marx and 
Engels saw, outside the precise research area, where the scientist, freed 
from such constraints, talks (typically in the name of science) pure 
ideology. In the name of science, invoking neutrality, technique and 
expertise, the scientist supports the ruling strata . . . (1976, pp. 8-9) 

In this passage, the authors make a distinction between the technical 
knowledge-claims a scientist makes within his own research network and 
the claims he makes in other social contexts. They suggest that the former 
are normally controlled by the nature of the physical world. It must be 
recognised, of course, that scientists will sometimes be influenced by 
social pressures to propose unjustified knowledge-claims. But, as long as 
there is no interference from outside with the technical criteria of 
adequacy applied by the research community, these socially generated 
claims will be judged to be inadequate by other specialists and they will 
be rejected. Thus within a specific research area those knowledge-claims 
which come to be accepted as valid can be seen to be non-ideological. 
They provide an accurate account of certain features of the physical 
world and their content is, accordingly, independent of participants’ 
social relationships and vested interests. However, in other social con- 
texts, the situation is quite different. Non-scientists, and indeed special- 
ists in other areas, seldom have the technical competence to assess the 
adequacy of a particular scientist’s claims. It follows that he will be able 
to use specialised knowledge so as to furnish an apparent technical 
rationale for policies which express his own social interests as well as the 
interests of other groups on whose behalf he is acting. 

Claims made by scientists in the wider social context, then, will often 
be ideological; but this will be obscured by their technical content and by 
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scientists’ ability to invoke the ‘objective facts of the natural world’ as 
leading inevitably to certain economic, political and social conclusions. 
This is the kind of analysis which is generated by the Roses’ Marxist 
approach. It is clearly different in emphasis from that of Merton and 
Durkheim, and directs our attention to important questions which are 
largely ignored by the latter. (I will return to some of these issues in the 
final chapter.) Yet the Roses’ reading of Marx appears to coincide with 
that of Merton on one crucial issue. For them as for Merton, Marxist 
analysis recognises that scientists’ knowledge-claims within their precise 
research areas are non-ideological. 

Despite important analytical differences, therefore, the writers we 
have examined so far, with the possible exception of Hessen, are agreed 
on at least the following points: first, that science flourishes in large- 
scale, industrial (capitalist) societies and that within such societies, 
scientists create distinct communities which regulate the production of 
certified knowledge; secondly, that although the rate of growth, the 
focus of attention and the use made of scientific knowledge are in large 
measure socially determined, its content is independent of social influ- 
ences; and thirdly, that scientific research communities are likely to have 
special social characteristics which reduce the impact on members’ 
technical work of such distorting factors as bias, prejudice and irration- 
ality, and which are, therefore, crucial in enabling scientists to generate 
objective knowledge. It would even be possible to bring Hessen into the 
fold if we were to allow a distinction to be made between the situation 
obtaining within capitalist society and that characteristic of socialist 
societies. For, as was noted above, Hessen retains the notion that 
ineluctable laws of nature are available within the Marxist-Leninist 
framework. His main thesis may, therefore, be interpreted as a claim that 
Newtonian science was partly pseudo-science, distorted by the social 
relationships of capitalism and due to be replaced by the truly scientific 
and determinate formulations forthcoming within socialist society (see 
1931, pp. 211-12). 

In the next section I shall examine the work of two more major 
contributors to the sociology of knowledge. This will enable me to begin 
to make explicit some of the philosophical assumptions which underlie 
the tendency to regard science as a special kind of sociological problem. 

MORE RECENT VARIANTS: MANNHEIM AND STARK 

KarhMannheim is usually regarded as a central figure in the development 
of the sociology of knowledge (see Curtis and Petras, 1970). His work is 
complicated and, although his position on crucial issues undoubtedly 
changed as his thought evolved, he never provided a clear final statement 
of his framework of analysis. I will make no attempt, therefore, to give 
an overall account of his interpretation of the social creation of 
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knowledge. I will instead focus narrowly on his treatment of science as a 
subject for sociological study. 

Mannheim’s sociology of knowledge includes a number of ideas taken 
directly from Marxism; for example, a belief in the importance of 
economic interests and class groupings, and in the ideological character 
of much social thought. In the course of his work, Mannheim tried to 
extend the Marxist notion of the 'existential base’ to cover generations, 
sects and occupational groups; he also supplemented the concept of 
‘ideology’ with an associated concept of ‘utopia’; and he provided 
historical documentation of the connections between thought and social 
factors by means of several empirical studies. But the Marxist strain in 
his work was combined with elements taken from the German academic 
tradition of neo-Kantian thought (Mannheim, 1952, p. 5). One of the 
main ideas which he adopted from this tradition was that a radical 
distinction had to be made between the methods and concepts of the 
natural sciences, on the one hand, and those of the social sciences and 
historical thought, on the other. This has been widely discussed in 
relation to the writings of Dilthey and others (Outhwaite, 1975). I shall 
simply mention, therefore, a few of the points emphasised by Mannheim. 
In the first place, the phenomena of the material world and the 
relationships between them are seen as being invariant (Mannheim, 1936, 
p. 116). Mannheim regularly refers to the natural world, and to the 
concepts appropriate to its study, as being ‘timeless and static’. Valid 
knowledge about such objective phenomena, he maintains, can be 
obtained only by detached, impartial observation, by reliance on sense 
data and by accurate measurement (Mannheim, 1952, pp. 4-16; 1936, 
pp. 168-9). Because the empirical relationships of the natural world are 
unchanging and universal, the criteria of truth by which knowledge- 
claims are to be judged are also permanent and uniform (1936, p. 168). It 
follows that natural science develops in a relatively straight line, as errors 
are eliminated and a growing number of truths are discerned. In short, 
scientific knowledge evolves through the gradual accumulation of per- 
manently valid conclusions about a stable physical world. 

Cultural products, however, cannot be investigated properly by 
methods of detached observation or by means of static concepts. For 
correct categorisation and understanding of cultural phenomena neces- 
sarily involves the interpretation of participants’ meanings; and mean- 
ings cannot be simply observed like objects in the external world. Each 
historical period and each social group has its own distinctive values and 
meanings. Each analyst begins from his own culturally specific frame- 
work of meanings. Accordingly, no product of human culture can be 
analysed adequately from a timeless perspective. The interpretation of 
meanings is essentially dynamic. It must deal with the unique features of 
each cultural epoch and must be undertaken anew by the representa- 
tives of every succeeding historical period (Mannheim, 1952, p. 61). 
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Moreover, there can be no such thing as detached, uniform observation 
of cultural products. Their meaning must be acquired, instead, by means 
of involvement and sympathetic understanding (Mannheim, 1936, p. 
170). 

In accordance with this characterisation of the sciences and the 
contrasting cultural disciplines, Mannheim continually treats the advan- 
ced physical sciences as a special case from the perspective of the 
sociology of knowledge. 

Are the existential factors in the social process merely of peripheral 
significance ... or do they penetrate into the ‘perspective’ of concrete 
particular assertions? . . . The historical and social genesis of an idea 
would only be irrelevant to its ultimate validity if the temporal and 
social conditions of its emergence had no effect on its content and 
form. If this were the case, any two periods in the history of human 
knowledge would only be distinguished from one another by the fact 
that in the earlier period certain things were still unknown and certain 
errors still existed which, through later knowledge were completely 
corrected. This simple relationship . . . may to a large extent be appro- 
priate for the exact sciences . . . (1936, p. 271) 

In the light of several statements of this kind and in view of the 
importance for the whole of Mannheim’s thought of the distinction 
between natural science and socio-historical thought, virtually all inter- 
preters have regarded him as being entirely consistent and unambiguous 
in treating scientific knowledge as beyond the scope of sociological 
analysis (Mannheim, 1952, p. 29; Merton, 1973, p. 21; Bloor, 1976, p. 8). 
However, if we read Mannheim with particular care, we will observe 
that, on at least a few occasions, he seems to waver on this point. For 
example, he follows the quotation given immediately above with the 
following qualification: ‘although indeed today the notion of the stabil- 
ity of the categorical structure of the exact sciences is, compared with the 
logic of classical physics, considerably shaken’ (1936, p. 271). In this 
passage, Mannheim seems to be questioning his own characterisation of 
scientific knowledge as timeless and immutable. His uncertainty on this 
point becomes most noticeable when he is dealing with epistemological 
issues and he finally offers a resolution of the problem in epistemological 
terms. 

The basic epistemological problem faced by Mannheim, as by Durk- 
heim, is that of relativity. The sociology of knowledge asserts that all 
‘social thought’, all thought outside the exact sciences, is relative to a 
particular social position or undertaken from a particular perspective or 
formulated in accordance with certain social interests. Thus in this 
sphere, there appear to be no generally applicable criteria for judging the 
validity of any specific assertion. But clearly the sociology of knowledge 
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is itself part of this intellectual domain. It seems to follow, therefore, 
that there is no way of assessing the validity of its own claims— including 
the central claim that all social knowledge is existentially determined. 
Mannheim, of course, wishes to reject this conclusion and he tries to 
show that the assertions of the cultural sciences, although different in 
kind from those of the exact sciences, can still furnish true knowledge. In 
seeking to establish this point Mannheim is almost, but not quite, led to 
revise his epistemological assumptions about the natural sciences. 

Mannheim does not abandon science entirely as a subject for socio- 
logical investigation and in a few pages of Ideology and Utopia he 
interprets the rise of science broadly along Marxist lines (1936, pp. 
165-9). He argues that the methodology adopted by the advanced 
sciences was a by-product of the Weltanschauung of the ascendant 
bourgeoisie. The world view of this class, which he describes as ‘demo- 
cratic cosmopolitanism’, denied the value of personal, qualitative ‘know- 
ledge’. Only formulations which were universally valid and necessary 
were allowed to stand as genuine knowledge. 

Similarly, every kind of knowledge which only certain specific histori- 
cal-social groups could acquire was distrusted. Only that kind of 
knowledge was wanted which was free from all the influences of the 
subject’s Weltanschauung. What was not noticed was that the world of 
the purely quantifiable and analysable was itself only discoverable on 
the basis of a definite Weltanschauung. Similarly, it was not noticed 
that a Weltanschauung is not of necessity a source of error, but often 
gives access to spheres of knowledge otherwise closed. (1936, p. 168) 

As the bourgeoisie achieved a position of social and political pre- 
eminence, so scientific knowledge and its associated epistemology came 
to pervade and to dominate intellectual life. Consequently, Mannheim 
maintains, virtually all knowledge-claims have come to be measured 
against the particular epistemology derived from the dominant form of 
scientific knowledge. 

The particularity of the theory of knowledge holding sway today is 
now clearly demonstrable by the fact that the natural sciences have 
been selected as the ideal to which all knowledge should aspire. It is 
only because natural science, especially in its quantifiable phases, is 
largely detachable from the historical-social perspective of the investi- 
gator that the ideal of true knowledge was so construed that all 
attempts to attain a type of knowledge aiming at the comprehension of 
quality are considered as methods of inferior value. (1936, pp. 290- 1) 

In response to this situation, Mannheim tries to formulate an alternative 
epistemology which is appropriate for qualitative, existentially 
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determined knowledge and which is in accordance with the conclusions 
of his own version of the sociology of knowledge. 

In Mannheim’s view the sociology of knowledge has shown that the 
‘positivist epistemology’ of bourgeois society is itself partial and the 
product of a particular, limited Weltanschauung. This epistemology is, 
therefore, inadequate in the sense that it fails to recognise its own 
limitations and its own dependence on historically specific assumptions. 
Accordingly, its application must be confined in future to the special 
realm of knowledge about the physical world, to which alone it is 
appropriate, and it must be supplemented by a broader epistemology 
which recognises the partial character of all human perspectives. It has 
become possible for us today (Mannheim was writing in the 1930s), in a 
way which was impossible before the advent of the sociology of 
knowledge, to treat situationally detached knowledge as a marginal and 
special case of the situationally conditioned. From this epistemological 
position one assumes ‘the inherently relational structure of human 
knowledge (just as the essentially perspectivistic nature of visually per- 
ceived objects is admitted without question) ... It is not intended to 
assert that objects do not exist or that reliance upon observation is useless 
and futile but rather that the answers we get to the questions we put to 
the subject matter are, in certain cases, in the nature of things, possible 
only within the limits of the observer’s perspective’ (1936, p. 300). This 
does not mean that we are abandoning the notion of ‘objectivity’ or the 
possibility of establishing ‘facts’. Rather it means that our conception of 
objectivity has to change. 

There is no need to deny that people can often reach what they take to 
be ‘objective’ conclusions about particular phenomena, i.e. conclusions 
which are verifiable by the application of established procedures. Yet 
epistemologically these objective conclusions must be regarded as incom- 
plete, as the product of a specific perspective and as open to revision in 
new social situations where other perspectives are brought to bear. In the 
case of different observers working within a common frame of reference, 
objectivity must be conceived as the application of agreed criteria of 
adequacy to particular knowledge-claims (1936, pp. 300-1). When 
participants have different perspectives, however, objectivity can only be 
attained in ‘a more roundabout fashion’. Mannheim continues to treat 
objectivity as being indistinguishable from intellectual agreement, but 
argues that the latter will be possible only in so far as the results of each 
perspective are translated into the other and reconciled, usually at a more 
general level. This notion of divergent frames of reference becomes 
central to his new epistemology. (Mannheim writes of two alternative 
versions of his theory of knowledge, but both versions depend on this 
principle of resolving the differences of specific perspectives within a 
more comprehensive formulation.) Where some choice has to be made 
between perspectives, pre-eminence is given to that ‘which gives evidence 
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of the greatest comprehensiveness and the greatest fruitfulness in dealing 
with empirical materials’ (1936, p 301). Thus the old static epistemologi- 
cal conception of true statements corresponding to the realities of a 
directly observable world has been abandoned for most realms of 
thought — and perhaps for thought in its entirety. 

We will have to reckon with situational determination as an inherent 
factor in knowledge, as well as with the theory of relationism and the 
theory of the changing basis of thought ... we must reject the notion 
that there is a ‘sphere of truth in itself’ as a disruptive and unjustifi- 
able hypothesis. It is instructive to note that the natural sciences seem 
to be, in many respects, in a closely analogous situation . . . (1936, 
p. 305, emphasis added) 

This last sentence brings us back to the ‘marginal, special case’ of 
science. It is followed in Mannheim’s text by a single page discussing 
certain developments in modern physics which were then quite recent. 
The point of the discussion is to show that the established certainties of 
classical physics appeared at that time to be giving way to a much more 
‘relativist’ framework of ideas. Mannheim notes that in quantum 
mechanics it had come to be regarded as impossible to conceive of 
measurements independently of the actions and techniques involved in 
measuring. He points out that empirical relationships at the sub-atomic 
level were thought to be inherently indeterminate and that traditional 
notions about particles having a specific location and a definite and 
ascertainable trajectory of movement had now been abandoned. And, of 
course, he mentions Einstein’s theory of relativity and the way in which it 
brought the position of the observer into the very equations of physics 
(1936, pp. 305-6). 

Mannheim suggests that this trend of thought in natural science is, in 
its ‘unformulated relationism’, surprisingly similar to his own. At this 
point in the argument it seems possible that Mannheim will be led to 
reject his previous neo-Kantian portrayal of scientific knowledge as 
composed of universal and static truths. It seems possible that he will go 
on to claim that knowledge of the physical world, like that of the social, 
depends on the kinds of questions that we pose, on the purposes of the 
knowers and on their socially derived perspectives. There would be no 
epistemological inconsistency for Mannheim in adopting this position. 
For his relational epistemology provides for the ‘objectivity’ of socially 
derived knowledge-claims; and it is no less convincing to claim that active 
commitment to a partial perspective will reveal truths about the physical 
world than it is to make the same claim regarding the social world. 
Furthermore, this line of reasoning would have enabled Mannheim to 
avoid treating one major area of knowledge as a partial exception to his 
general epistemological principles and it would have enabled him to 



1 6 Science and the Sociology of Knowledge 

undertake a sociological analysis of that recent and puzzling transforma- 
tion in modern physics. 

Yet, despite these potential advantages, Mannheim draws back from 
the conclusion that scientific knowledge is in any way socially contingent. 
He does not take the decisive step of claiming that his alternative episte- 
mology fits the physical sciences in exactly the same way as it does the 
historical disciplines. He is careful to state that the two realms are no 
more than analogous. Their appropriate epistemologies are parallel but 
distinct. The relationism of physical science is best seen as a special case 
of the general principle of relationism. What he seems to mean by this is 
that, whereas the knowledge available to observers in the socio-historical 
sphere is necessarily related to their social position, cultural background, 
group interests, and so on, the knowledge attainable by observers of the 
physical world is necessarily constrained only by their position in time 
and space. Thus Mannheim reaches a final position from which both 
types of knowledge are seen as inherently limited and revisable; but he 
maintains the distinction between the two spheres by claiming that the 
limitations or constraints essential to each intellectual domain are quite 
different in character. 

To summarise, we can say that Mannheim has done three things in his 
discussion of epistemology. He has tried to restrict the scope of the 
‘positivist epistemology’ to the sphere of natural science. He has tried to 
outline an alternative, relational epistemology for socio-historical, 
existentially determined thought. And he has raised the possibility that 
the old epistemology is not even entirely adequate for the advanced 
physical sciences. But he has resolved his doubts about the status of 
scientific knowledge without seriously challenging the orthodox episte- 
mology and, consequently, without opening the door for a fully-fledged 
sociology of science. One reason why Mannheim went no further in this 
direction may well have been that he was entirely dependent on the work 
of historians of science for his own views about scientific development. 
He had to wait, therefore, for suitable studies in the history of ideas to 
emerge; and these studies did not come until long after his death. But in 
addition there is the fact that so much of Mannheim’s thought was 
formulated in terms of the epistemological distinction between scientific 
and socio-historical knowledge. To have attempted a serious revision of 
the epistemology associated with natural science would have necessitated 
a wholesale revision of his own sociological corpus. 

I have suggested, then, that some passages in Mannheim’s writings 
contain the germ of a new philosophical view of science, one more 
favourable than the standard view to the possibility of a sociological 
approach to scientific knowledge. But these passages have generally been 
missed or they have been interpeted so as to make them entirely 
consistent with Mannheim’s more frequently expressed idea that science 
constitutes a special epistemological, and hence sociological, case. Since 
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Mannheim, this latter view has become firmly entrenched in the socio- 
logy of knowledge. This is well exemplified in the writings of Werner 
Stark, which appeared twenty years or so after the publication of 
Ideology and Utopia. In Stark’s account of the sociology of knowledge, 
there is no longer any questioning of the status of scientific knowledge. 
Mannheim’s epistemological reservations have been forgotten and argu- 
ments which remained largely implicit in Mannheim are marshalled 
clearly and explicitly by Stark to exclude science from sociological 
consideration. 

Stark begins by stating what he regards as a necessary assumption 
about the physical world, namely, that it has a fundamental permanence. 
There is inherent in the natural world, he suggests, a determinate state of 
affairs which scientists can observe and represent with increasing 
accuracy and completeness. Because physical scientists can achieve 
an abiding correspondence between an invariant nature and their own 
formulations, they are able to establish their distinctive degree of 
intellectual consensus. Scientific consensus is a product of the objectivity 
of scientific knowledge. This situation, however, does not apply in 
all so-called sciences. Like Mannheim, Stark believes that there is a 
fundamental difference between those concerned with the physical world 
and those concerned with society. ‘The facts of society are made, and ever 
re-made, by us, whereas the facts of nature are not. They are data in a 
much more stringent meaning of the term’ (Stark, 1958, p. 165). 

The second major contention in Stark’s analysis seems initially to be 
slightly at odds with the first. For, having maintained that there is a 
straightforward, unproblematic correspondence between true scientific 
knowledge and invariant natural phenomena, he suggests that another 
reason why knowledge of the physical world is cumulative and reliable is 
that such knowledge is always formulated within a perspective organised 
in terms of technical efficiency. 

. . . whereas man has more than once shifted his vantage point for the 
consideration of social facts so that these facts appear to him in ever 
new, and often surprising, outlines, he has always kept to the same 
spot for surveying the facts of nature ... so that these latter facts 
have always offered to him the self-same surface. He has merely 
learned to look more closely . . . Whether he likes it or not, he must, 
under all circumstances, pursue, among others, the economic and 
technological values, the value of science. (1958, p. 166) 

The dependence of scientific knowledge on a particular perspective on, 
or attitude towards, the natural world appears at first sight to weaken the 
belief in the certainty and definitive character of that knowledge. 
Scientific knowledge seems to have become to some extent socially 
contingent. But Stark resolves this problem by postulating that the 
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central value guiding man’s attempts to understand the natural world has 
necessarily always been the same. Not only have men always sought to 
understand nature in order to exert control over natural processes but, in 
Stark’s view, there is no alternative stance available to them. Thus the 
factual content of science is beyond the scope of sociological inquiry 
because it is universal. It is the product of the cumulative application of a 
uniform perspective to a determinate natural world. 

This view of scientific knowledge has numerous further implications, 
some of which are illustrated by Stark. One obvious implication is that, 
as it is essentially the same corpus of knowledge which has been built up 
over time, there can be no change of meaning in the factual basis of 
science. True scientific knowledge can be formulated in only one way. 
The body of knowledge becomes increasingly comprehensive with the 
passage of time, but the genuine factual basis is neither revised nor 
reformulated. A second implication is that scientific discovery is differ- 
ent from that in other realms of cultural activity. In science, discovery 
consists not so much in creating new meanings, as it does in philosophy 
and the arts, as in recognising realities which, in some sense, already 
exist. For example: ‘ ... the astronomer merely attempts to grasp the 
data, the pre-existent data: he is entirely controlled by them ... the 
scientist allows himself to be impressed by the objective truth of reality, 
the man of culture expresses the values in which he believes’ (1958, 
p. 167). 

Stark realises, of course, that the data of science can be conceptualised 
and interpreted at various levels of generality, and that certain levels and 
conceptions may be linked only indirectly with empirical observations. 
The higher levels of analysis, however, he regards as a metaphysical 
appendage to real scientific knowledge. The metaphysics of physics, he 
accepts, may well be influenced, even determined, by social factors. But 
the metaphysical accompaniments can be separated out from positive 
science. Tor science always asks: whatis, while in the questions raised by 
metaphysics there always occurs the further, and disparate question of 
whyV (1958, p. 175). He gives as an example of positive, factual 
knowledge, the proposition that heavy bodies fall at an accelerating 
speed. Another example is taken from Darwinian theory, namely, the 
proposition that ‘life is an ongoing struggle for survival in which the 
relatively weak are progressively eliminated and only the relatively strong 
survive’ (1958, p. 170). This is a particularly interesting example, because 
the Darwinian thesis can be seen as deriving at least partly from 
Malthus’s analysis of social dynamics. Stark argues, however, that even 
this is not a case where genuine scientific knowledge has been signifi- 
cantly moulded by social factors. 

Social developments do not determine the content of scientific develop- 
ments, simply because they do not determine natural facts; but they may 
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well open the eyes of the scientists to natural facts which, though 
pre-existent and always there, had not been discovered before. This is 
what happened in the case of Darwinism. . . (1958, p. 171) 

Whatever its origins, the Darwinian proposition is, in Stark's view, 
absolutely true. It has been shown to be a summary statement of the facts 
of nature and is, therefore, unrevisable. The facts of nature are beyond 
man's control. Consequently, the content of any proposition embodying 
such facts cannot be determined by social factors. 

Stark maintains that there is ‘cause for rejoicing’ in the fact that the 
main movements in the sociology of knowledge have agreed in all 
essentials with his characterisation of science (1958, p. 167), and he 
quotes such diverse authors as Marx, Lukacs, Mannheim, Alfred Weber 
and Merton to illustrate this agreement. It is clear from the discussion 
above that there has been less certainty among sociologists of knowledge 
about the nature of science than Stark seems to imply. Nevertheless, I 
think that he is substantially correct if he is taken to mean that most 
writers in this field have operated within the limits of a single, standard 
philosophy of scientific knowledge. It is largely because sociologists of 
knowledge have been unable to offer a serious alternative to the standard 
epistemological view of science that they have been propelled into a 
position from which scientific knowledge and the intellectual activities of 
scientists have to be treated with special deference (for a discussion of 
‘inductivism' in the history of science, see Agassi, 1963). In the next 
section, I will outline briefly the ‘standard view of science’ which has 
been implicit in the discussion so far. In the following section I will show 
how it has influenced those studies which sociologists have made of the 
social world of science. 


THE STANDARD VIEW OF SCIENTIFIC KNOWLEDGE 

Most sociologists of knowledge have adopted some version or other of 
what Scheffler (1967) has called ‘the standard view of science'. I do not 
mean by this that they have all endorsed every statement that I shall make 
below in trying to summarise the standard view. But I do mean to suggest 
that, although different analysts have used the standard view in different 
ways and with varying emphasis, sociologists’ thought about science as a 
social phenomenon has usually been formulated within this framework 
of assumptions. The reader will find that all the main points contained in 
the following paragraphs have already been illustrated in the discussion 
above. 

From the perspective of the standard view, the natural world is to be 
regarded as real and objective. Its characteristics cannot be determined 
by the preferences or intentions of its observers. These characteristics 
can, however, be more or less faithfully represented. Science is that 
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intellectual enterprise concerned with providing an accurate account of 
the objects, processes and relationships occurring in the world of natural 
phenomena. To the extent that scientific knowledge is valid, it reveals 
and encapsulates in its systematic statements the true character of this 
world. As Galileo puts it: ‘the conclusions of natural science are true and 
necessary, and the judgment of man has nothing to do with them’ (1953, 
p. 63). Although the natural world is, in a certain sense, undergoing 
continuous change and movement, there exist underlying and unchang- 
ing uniformities. These basic empirical regularities can be expressed as 
universal and permanent laws of nature, which tell us what is always and 
everywhere the case. Unbiased, detached observation furnishes the 
evidence on which these laws are built. The creation of scientific 
knowledge ‘begins with the plain and unembroidered evidence of the 
senses, with innocent, unprejudiced observation . . . and builds upon it a 
great mansion of natural law’ (Medawar, 1969, p. 147). Indeed, obser- 
vational laws are no more than general propositions summarising a body 
of reliable factual evidence. The validity of the factual foundation of 
scientific knowledge can be guaranteed with a high degree of confidence 
because science has evolved stringent criteria, for example, in connection 
with experimental procedures, by means of which empirical knowledge- 
claims are evaluated and their accurate representation of empirical 
phenomena is ensured. Thus accepted scientific knowledge, because it 
has satisfied these impersonal, technical criteria of adequacy, is indepen- 
dent of those subjective factors, such as personal prejudice, emotional 
involvement and self-interest, which might otherwise distort scientists’ 
perception of the external world. 

Although the body of scientific knowledge is basically empirical, it 
does contain high-level generalisations which are not observational laws 
and which in some cases cannot be directly derived from or tested against 
observations. These more abstract and more speculative propositions 
play an important role in scientific thought by explaining observed 
regularities, by co-ordinating separate observational laws into coherent 
intellectual frameworks and sometimes by revealing observable pheno- 
mena which were previously unknown. In certain cases, the development 
of new observational techniques leads to the direct confirmation of these 
abstract speculations and they eventually become indistinguishable from 
ordinary observational laws (O’Neil, 1969). But it is not necessary to 
conceive of theoretical laws as actually representing the realities of the 
natural world. It is not surprising therefore that, like statements about 
the ‘ether’, they are frequently abandoned by scientists when their 
usefulness has come to an end. 

A fundamental distinction must be made, therefore, between obser- 
vational laws and theoretical laws (Nagel, 1961, ch. 5). The latter are 
revisable and dispensable, but the former are not. Whilst the former deal 
with observable facts, the latter often deal with unobservable entities. 
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Nevertheless every effort is made to verify or to test theoretical laws. 
When a theoretical law generates inferences which are not upheld by 
observation, it is either revised in accordance with the new evidence or it 
is renounced in favour of an alternative hypothesis. In cases of uncer- 
tainty, various hypotheses will be tested until one is found which fits the 
full range of data. This hypothesis then becomes a candidate theoretical 
law. Although there is constant change and revision at the theoretical 
level, this is not incompatible with cumulative development at the factual 
level. The established facts subsumed under an abandoned theoretical 
law are typically passed on to its successor which, in addition, will have 
brought within its scope a number of newly certified facts about the 
natural world. ‘Thus it is that science can be cumulative at the 
observational or experimental level, despite its lack of cumulativeness at 
the theoretical level. Throughout the apparent flux of changing scientific 
beliefs, then, there is a solid growth of knowledge which represents 
progress in empirical understanding’ (Scheffler, 1967, p. 9). 

The basic, observational laws of science are considered to be true, 
primary and certain, because they are built into the fabric of the natural 
world. Discovering a law is like discovering America, in the sense that 
both were already there waiting to be revealed (MacKinnon, 1972, p. 16). 
Once an observational law has been discovered it applies universally and 
it commands universal assent. There may be some slight room for 
cultural variation with respect to theoretical speculations, for their 
content is not wholly determined by observational data. But the greater 
portion of scientific knowledge, directly rooted as it is in empirical 
evidence, is necessarily independent of the society or the specialised 
group which first made it available. The social origin of scientific 
knowledge is almost completely irrelevant to its content, for the latter is 
determined by the nature of the physical world itself. 

THE SOCIOLOGY OF SCIENCE 

Occasionally this standard epistemology has been made fully explicit in 
the course of sociological investigation of science. This is done most 
clearly by De Gre, who states in his introduction to the sociology of 
science ‘that a real world exists independently of our knowledge of it; 
that this real world is to an extent knowable through a process of 
approximation; and that knowledge is true to the degree to which it 
approximates or is isomorphic to the structure of reality’ (1955, p. 37). 
The central implication of these assumptions, De Gr6 concludes, is that 
sociology should be concerned, not with the actual cognitive content of 
science, not with certified knowledge as such, but with the social 
conditions which make possible the attainment of objective knowledge. 

Although few sociologists of science have been as explicit as De Gr6 
about their philosophical presuppositions, they have ^1 until recently 
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adopted his approach to the empirical study of science. The whole 
tradition of sociological work on science within which De Gre writes, 
beginning with Merton’s pioneering research in the 1930s and continuing 
off and on for thirty years or so, has systematically avoided examination 
of the substance of scientific thought (Mulkay, 1969). It has offered us ‘a 
sociology that deals with the allegedly fixed normative commitments of 
scientists but which pays scant attention to the social significance of their 
patently changing cog«/t/ve commitments’ (King, 1971, p. 15). Although 
this quotation conveys something important about the main tradition in 
the sociology of science, it would be wrong to infer from it that 
sociologists have concerned themselves solely with investigating the 
normative structure of science. Thus Merton, for instance, by far the 
most influential figure in this field, has studied the allocation of rewards 
in science as well as considering the economic, technological and military 
factors which facilitated the emergence and growth of modern science. 
Nevertheless, a consistent and continuing theme in the sociology of 
science has been the depiction of that ‘complex of values and norms 
which is held to be binding on the man of science’ (Merton, 1973, 
pp. 268-9), and which is seen as being crucially involved in the 
generation of certified knowledge. It is in sociologists’ accounts of the 
supposed ‘ethos of science’ that epistemological presumptions become 
most evident and exert their clearest influence on the content of 
sociological analysis. 

The nature of the ‘scientific ethos’ was first sketched out by Merton, 
as part of his thesis that seventeenth-century Puritanism had contributed 
significantly to the birth of modern science in England. Merton argued 
that the Puritan complex of values led to the ‘largely unwitting further- 
ance of modern science’ (1970, p. 136). Puritans emphasised cultural 
values such as utility, rationality, empiricism, individualism, anti- 
traditionalism and this-worldly ascetism. This set of inter-related values 
and norms was thought to parallel those characteristic of science (1970, 
p. 137). Consequently, the marked increase in ‘scientific’ activity which 
occurred during the seventeenth century could be seen, at least partly, as 
an unanticipated consequence of the increasing dominance of the Puritan 
movement. As a result of their religious values, those Puritans who 
engaged in philosophical debate tended to concern themselves with 
empirical issues and to address these issues in a rational, methodical and 
impersonal manner. (Socio-economic factors were seen as being impor- 
tant in focusing interest on certain kinds of empirical problems.) The fact 
that Puritans were over-represented amongst the adherents of the new 
natural philosophy and among the founding members of the Royal 
Society was strong evidence of there being a connection between 
Puritanism and the establishment of the modern scientific community. 

At no point in his analysis does Merton try to establish a direct 
connection between Puritan values and the intellectual products of 
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scientific endeavour. Indeed he states quite clearly in a subsequent paper 
that the substantive findings of science are beyond the scope of his, 
purely sociological, interests (1973, p. 268). His aim is, instead, the more 
limited one of showing that these values, in so far as they have become 
institutionalised in the scientific community, are essential requirements 
for the regular production and acceptance of properly confirmed and 
logically consistent statements of empirical regularities. 

The institutional goal of science is the extension of certified know- 
ledge. The technical methods employed toward this end provide the 
relevant definition of knowledge: empirically confirmed and logically 
consistent statements of regularities (which are, in effect, predictions). 
The institutional imperatives (mores) derive from the goal and the 
methods. The entire structure of technical and moral norms imple- 
ments the final objective. The technical norm of empirical evidence, 
adequate and reliable, is a prerequisite for sustained true prediction; 
the technical norm of logical consistency, a prerequisite for systematic 
and valid prediction. The mores of science possess a methodologic 
rationale but they are binding, not only because they are procedurally 
efficient, but because they are believed right and good. They are moral 
as well as technical prescriptions. Four sets of institutional imperatives 
— universalism, communism, disinterestedness, organised skepti- 
cism — are taken to comprise the ethos of modern science. (Merton, 
1973, p. 270) 

Scientists’ belief in the goodness of these mores has its historical 
origins in the religious commitments of the founding members of their 
professional community. But these mores are also methodologically 
essential for the systematic creation of valid knowledge. Thus, as the 
scientific community has over the years severed its links with the religious 
sphere, scientists have ceased to justify their values in religious terms. 
Instead, having come to recognise the methodological import of these 
values, they have tended to justify them to the wider society as the 
cultural basis of scientific truth and as the ‘pure’ source of practically 
effective knowledge (Merton, 1970, p. xxii). 

Since Merton’s original formulation of the institutional imperatives of 
science numerous additions have been suggested: for example, norms of 
originality, humility, independence, emotional neutrality and impartial- 
ity have been proposed (Barber, 1952; Storer, 1966; Merton, 1973; 
Mitroff, 1974). In addition, a few critical discussions have appeared in 
recent years (Lemaine and Matalon, 1969; Barnes and Dolby, 1970; 
Weingart, 1974). But I do not intend to examine either the supplementary 
or the critical literature here. The point I wish to emphasise is that this 
portrayal of the ethos of science is powerful, and its power is demon- 
strated by its continued vitality over more than three decades, because it 
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uses the standard view of science as a taken-for-granted interpretative 
resource. For example, if the conclusions of science are simply state- 
ments of observable regularities, accurate within the technical limits of 
the time, then it seems to follow necessarily that the particular personal 
or social characteristics of those proposing such statements are irrelevant 
to scientists’ judgement of their validity. ‘Objectivity precludes parti- 
cularism’ (Merton, 1973, p. 270). If knowledge-claims were judged on the 
basis of particularistic criteria, then claims would be accepted that did not 
correspond with the objective world. Given that valid scientific knowledge 
is objective, it follows that scientists must regularly use impersonal, 
universalistic criteria in the course of their professional activities. The 
same kind of reasoning can be applied to other elements of the scientific 
ethos. Organised scepticism and intellectual independence are required 
because scientific knowledge must not be taken on trust. All presupposi- 
tions and all knowledge-claims, including one’s own, must be continually 
scrutinised for logical consistency and for empirical accuracy. No person’s 
claims should be taken as valid because of his position in the scientific 
community. If these prescriptions were ignored, inaccurate propositions 
would inevitably enter the corpus of certified knowledge. Similarly the 
communal ownership of knowledge is required. Without free and open 
communication of findings it would be impossible for scientists to subject 
all knowledge-claims to the same critical appraisal or to apply their 
universalistic criteria of scientific adequacy consistently. It is not being 
proposed, of course, that scientists always conform in full to these 
principles. Deviant actions such as fraud, secrecy and intellectual preju- 
dice do occur. But, it is argued, they occur infrequently, for otherwise 
natural science would not have the validity which we know it to have. To 
the extent that science does regularly produce valid and practically 
effective knowledge, it appears that these principles must have been 
operative. 

Among the normative principles of which the ‘scientific ethos’ is 
composed, the most important is that of universalism. This principle is 
thought to be implemented in many different ways in science. It seems to 
require, for instance, that members’ standing in the scientific community 
should be based on merit rather than any ascriptive criteria and that 
scientific careers should be open to all those with ability. But universal- 
ism finds its most fundamental expression in the assessment of the results 
of scientific research. To say that scientists judge knowledge-claims 
universalistically is not merely to say that scientists, like other specialists, 
make use of technical criteria of adequacy; for the technical criteria of 
different intellectual traditions or different groups may be incompatible 
and they may or may not serve to establish objective empirical regulari- 
ties. Thus universalism means that ‘truth-claims, whatever their source, 
are to be subjected to pre-established impersonal criteria: consonant with 
observation and with previously confirmed knowledge’ (Merton, 1973, 
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p. 270); or, to put it another way, universalism means that the diverse 
strands in the development of scientific thought are guided by ‘more or 
less common criteria and rules of evidence which transcend other 
differences among the contending intellectual traditions’ (Merton, 1975, 
p. 51). On the whole, the various other elements in the normative 
structure are seen to contribute to the institutional goal of science by 
ensuring that these pre-established criteria of objectivity are rigorously 
applied to all knowledge-claims before the latter are accepted as certified 
knowledge. 

This characterisation of the norms of science, intimately bound up 
with the standard epistemology, has strongly influenced sociologists’ 
views of the overall structure of the scientific community as well as its 
relations with the wider society (Mulkay, 1977a). Let me give one 
example of how the standard epistemology, the established conception of 
scientific norms and other aspects of sociological analysis are inter- 
related. The assumption that scientists operate with universalistic criteria 
of adequacy which are sociologically unproblematic has led to a mark- 
edly functionalist interpretation of the system of social stratification in 
science (Cole and Cole, 1973). The decisive evidence on which this 
interpretation is based is that high rank in the research community is 
empirically associated with the production of high-quality results and 
low rank with the absence of such results; and that, as long as ‘quality of 
results’ is held constant, there seems to be no strong connection between 
achieved rank and other social variables. Now, if we assume that 
scientists judge their colleagues’ work in terms of pre-established stable 
criteria, we are inclined to see this evidence as demonstrating that the 
scientific community closely resembles a meritocracy. (A lot will depend, 
of course, on the amount of variance in social rank which is accounted 
for by variations in the production of high-quality work.) It will appear 
that scientists undertake research and pass on their findings to their 
colleagues; that these findings are assessed on the basis of pre- 
established, impersonal criteria of adequacy and value; and that scien- 
tists are rewarded with rank in proportion to their contribution to 
knowledge. Thus science is one area of social life where the functional 
analysis of social stratification seems to work; and it is made to work 
because sociologists’ conception of scientific knowledge allows them to 
assume, with no need of empirical evidence on this point, that clear, 
identical evaluative criteria are available to all members. 

This interpretation, then, depends indirectly on the standard view of 
science. Once we begin to doubt whether knowledge-claims are assessed 
in this clear-cut fashion and to wonder whether their adequacy or quality 
is perhaps socially negotiable, then it becomes possible to see the system 
of social ranking rather differently. For example, if the criteria employed 
are themselves socially created and legitimated in the course of the very 
process of assessing knowledge-claims, the association between high rank 
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and the production of high-quality results could have an entirely 
different sociological meaning. For, having acknowledged that scientists 
tend to establish their rank through the medium of research findings, and 
that there will therefore be an empirical association between quality and 
rank, we would still have to ask: in what ways and by what means are 
adequacy and value attributed to specific results? Are there perhaps 
systematic social differences in participants’ ability to establish that their 
work is of high quality? Thus, although it is clear that female scientists’ 
relatively low rank is associated with low quality of work (as recognised 
by other, predominantly male, scientists), we would no longer be forced 
to see this as the result of ‘objective’ differences in the findings produced 
by male and female researchers (Cole and Cole, 1973). It has become 
possible to conceive that women and the members of other social 
categories in science are systematically prevented from (or favoured in) 
establishing that their work is of high quality. By moving away from the 
standard view and the associated notion of ‘universalism’, that is, by 
assuming that cognitive criteria in science may be flexible and their 
application to particular cases problematic, it becomes possible to 
investigate whether the social allocation of ‘quality’, and thereby social 
rank, is affected by structural differences within the scientific commun- 
ity. In short, in so far as we modify the traditional epistemological belief 
that contributions to knowledge can be assessed objectively and unam- 
biguously, to that extent we are able to conceive of a wider range of 
interpretative possibilities, not only with respect to the social construc- 
tion of scientific knowledge but also in relation to social ranking, and 
other social phenomena, in science. This will become clearer in later 
chapters. 

Clearly the major barrier preventing sociologists from exploring these 
possibilities is likely to be epistemological in character (Whitley, 1972). 
One would not hesitate to consider such possibilities with respect to 
‘inferior’ forms of knowledge. The difficulty with respect to science is 
that we are departing from a well-entrenched epistemology. We are 
assuming that scientists’ accounts of the natural world are not to be 
taken simply as reflections of an objective reality, nor as determined by 
invariant and transcendent rules of evidence. We are treating the notion 
of ‘consonance with observation’, for example, as being sociologically 
problematic (Collins, 1975). It is not surprising, therefore, that sociolo- 
gists did not venture to pose questions of the kind suggested above until 
the ground had been prepared for them by a series of debates among 
philosophers and historians, in the course of which the customary view 
of science was seriously challenged. 
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In this chapter I intend to describe some recent contributions to 
philosophy and historiography which have significant implications for 
the sociological analysis of science. I will make no attempt to distinguish 
the work of philosophers from that of historians of science: most of the 
thinkers whose work will be considered here bestride such disciplinary 
boundaries and I will refer to them simply as ‘philosophers’. Nor will I 
try to provide a systematic exposition of each major thinker’s ideas. This 
has been done more than adequately elsewhere (Easlea, 1973; Giddens, 
1978), and I will assume that my reader is not entirely unfamiliar with the 
writings of such authors as Kuhn and Popper. Wherever possible, 
therefore, I will draw upon the work of philosophers whose writings are 
less well known, such as Hanson, Ravetz and Hesse; partly because they 
deserve to be more widely read, but also because I wish to show that the 
changes in the philosophy of science with which I shall be concerned are 
not confined to one or two well-known but unrepresentative thinkers. 
However, my argument in this chapter will not be organised around the 
views of particular writers nor in terms of the historical development of 
ideas about science. It will focus instead upon the central assumptions of 
the standard view, as they were outlined in Chapter 1 . I will take four of 
its main contentions in turn and examine how far they need to be revised 
in the light of this recent body of literature. 

THE UNIFORMITY OF NATURE 

Both Mannheim and Stark began their attempts to establish the distinct- 
ive character of scientific knowledge with a statement of what has been 
called the ‘principle of the uniformity of nature’. They maintained that 
the phenomena and relationships of the material world differ from those 
of the social world in being invariant and stable. In their view this is 
substantiated by the fact that the basic conclusions of physical science, its 
laws of nature, are always and everywhere the same. Although the 
principle of uniformity was regarded by these sociologists of knowledge 
as a ‘necessary and crucial assumption’ in any attempt to understand the 
nature of science, it has attracted little attention in the debates which 
provide the material for this chapter. Fortunately, however, the principle 
has been examined rather carefullv bv Hanson (1969). He shows that its 
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use in the sociology of knowledge has been based on a misunderstanding 
and that it is a shaky foundation on which to build one’s sociological 
endeavours. 

Hanson asks the question: how do we obtain the knowledge that 
nature is regular, uniform and constant? How do we know that the 
principle of uniformity is truel There are only two ways in which its truth 
could be established, he suggests: either by formal or by empirical means. 
Clearly the principle of uniformity is not intended as a mere formalism. 
It is meant to convey something factual about the material world. 
Consequently, the principle of uniformity must be established empiri- 
cally. But if this is so, we are faced with a vicious circularity. For if the 
principle is true, it must be presupposed in every empirical procedure- 
including that by which we hope to prove the truth of the principle itself. 
If the principle is not assumed, we cannot establish its validity by 
generalising from empirical evidence. Unless the principle is assumed to 
operate, there is no way in which we can infer it from particular 
observations. 

Hence, to gain knowledge of the truth of these principles [Hanson is 
discussing the principle of induction as well as the principle of unifor- 
mity] by experiment and observation is to presuppose in the search the 
very existence of that for which we are in search. If the principles are 
true, we cannot learn of it empirically, for the essence of the principles 
is that their truth is presupposed in every empirical enquiry. (1969, 
p. 408) 

Hanson goes on to show with various specific examples that the 
principle of uniformity is vacuous in the sense that it makes no definite 
assertion at all. Let me give just one of his illustrations. Consider 
Newton’s inverse-square law of gravitation and its derivative that freely 
falling bodies accelerate towards the Earth at 32.2 ft/sec. L Both these 
propositions might be called ‘laws of nature’. Hanson considers whether 
it makes sense to ask if these laws could, under certain circumstances, be 
different. For example, could the law of gravitation be different on 
Mars, thereby overthrowing the principle of uniformity? Clearly the 
formula expressing the rate of free fall would be different on Mars, 
because this formula is derived from the inverse-square law in accord- 
ance with the special conditions associated with the Earth alone. Thus the 
principle of uniformity is in no way threatened by a different rate of free 
fall on Mars. The scope of this particular law of acceleration is 
necessarily restricted exclusively to the Earth. In this sense it is not a 
fully-fledged law of nature and our question is inappropriate. But what 
of the law of gravitation proper? Could we say ‘The law of gravitation 
may take a different form on Mars’ as we can say ‘Freely falling bodies 
accelerate at a different rate on Mars’? Hanson maintains, riehtlv I 
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think, that we could not. For if the ‘law of gravitation’ did not apply on 
Mars, it could no longer be regarded as a law of nature. Any conclusive 
observations, on Mars or elsewhere, which we believed to be inconsistent 
with the law, would not reveal an area of non-uniformity; they would 
show instead that our theory was wrong and our ‘law’ not a law at all. 
‘Thus, that a scientist expresses his law of gravitation in an identical form 
on all occasions proves nothing at all about the uniformity of nature. 
What it may be said to prove is that we accord the title “law of nature” 
to nothing which is not expressed in an identical form on all occasions’ 
(1969, p. 353). 

It seems, then, that modern philosophical analysis reveals the principle 
of uniformity to be no more than a rather misleading formulation of 
what is meant by the term ‘law of nature’. The principle of uniformity is 
not an aspect of the natural world, but rather an aspect of scientists’ 
methods for constructing their accounts of that world. It cannot be used, 
therefore, as grounds for treating the generalisations of natural science as 
definitive representations of a stable and uniform physical reality. 

FACT AND THEORY 

Belief in the inherent stability and uniformity of the physical world has 
often been linked to a particular view of the relationship between fact 
and theory in science. From this orthodox position it is assumed that 
certain objects and processes exist in the physical world, that certain 
events occur consistently and that certain stable relationships persist: 
these objects, processes, events and relationships constitute the facts 
which science has to describe accurately and explain convincingly. (For 
the purposes of my argument, there is no need systematically to 
distinguish particular facts and specific observations from general rela- 
tionships between observable phenomena and the empirical generalisa- 
tions which express such relationships.) These facts are seen as being 
theoretically neutral. They can, therefore, be expressed in a language 
which is independent of theory and formulated in a way which simply 
represents the observable realities of the physical world. Once firmly 
established, facts remain unaffected by interpretative advances. Indeed, 
as long as there have been no observational errors, they can undergo no 
change of content or meaning and they can be used, therefore, to 
discriminate objectively between theoretical alternatives. 

It is accepted, of course, that successful theories usually generate new 
observations and new facts about the physical world. However, once 
such facts have been properly confirmed, they are thought to acquire an 
intellectual autonomy which enables them to remain unaffected even by 
the wholesale refutation of the analytical scheme which gave them birth. 

... an experimental law, unlike a theoretical statement, invariably 
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possesses a determinate empirical content which in principle can always 
be controlled by observational evidence . . . even when an experimental 
law is explained by a given theory and is thus incorporated into the 
framework of the latter’s ideas . . . two characteristics continue to hold 
for the law. It retains a meaning that can be formulated independently 
of the theory, and it is based on observational evidence that may 
enable the law to survive the eventual demise of the theory. (Nagel, 
1961, pp. 83-6) 

This two-tier view of scientific knowledge, taken for granted by most 
sociologists of knowledge, has given rise to a number of intractable 
philosophical difficulties. In seeking to resolve these difficulties, philos- 
ophers have gradually evolved a new account of the relationship between 
fact and theory which has major implications for the scope of sociologi- 
cal analysis. 

It has sometimes been maintained that when we conceive of scientific 
knowledge as composed of separate theoretical and factual propositions 
we are making use of a distinction between observable objects and 
unobservable or theoretical objects. Factual propositions, it is suggested, 
deal with the relations between observable objects, which are explained 
by statements involving such unobservable objects as electrons, quarks 
and genes. The nature of observable objects is ascertainable by direct 
experience and, assuming that proper experimental precautions are 
taken, can be established with great confidence. But the character of 
theoretical objects is known only indirectly and must, therefore, be 
treated as inherently speculative. Theoretical ‘objects’ are perhaps no 
more than convenient fictions. Electrons, for example, are to be regarded 
as hypothetical constructions derived from our experiences with real 
objects like cathode ray tubes and galvanometers. Accordingly, the 
notion of ‘electron’ can be abandoned if it proves unfruitful in the long 
run or incompatible with newly observed facts; and the propositions in 
which it features can be recast. In contrast, we can hardly deny the 
existence of such objects as cathode ray tubes or galvanometers; and our 
direct knowledge of these objects, although it can always be made more 
precise, is not open to doubt or repudiation to anything like the same 
extent. 

Although this argument makes a plausible appeal to common sense, it 
is certainly incomplete. For instance, it deals only with objects and fails 
to cover the referents of scientific concepts concerned with relationships 
or processes. But, more important, there are also strong reasons for 
regarding the distinction between observable and unobservable objects as 
untenable. The central assumption is that we can distinguish unambigu- 
ously between observing an object directly and merely inferring its 
characteristics from its effects. But seeing an object directly is thought to 
involve photons moving from the object in question and impinging on the 
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retina of the observer. As soon as we think in these terms, the notion of 
‘direct observation’ starts to lose its clarity and, thereby, its usefulness in 
separating fact from theory. The vagueness of the distinction is also high- 
lighted by considering how little is the difference between seeing directly 
and observing with a magnifying glass, and between the latter and using a 
small telescope (Smart, 1973). Yet we are required by this thesis to regard 
the objects revealed by the telescope as different in kind from those 
visible to the naked eye. Furthermore, we cannot avoid the problem 
simply by classifying ‘seeing through a telescope’ as direct observation. 
For we are then faced with such anomalies as the failure of those 
scholastics who peered through Galileo’s telescope to see the objects 
which were so obvious to the disciple of Copernicus. We will return to 
such issues in the next section. For the moment we need only note that no 
clear distinction has been made between observable and unobservable 
objects; and consequently, the distinction cannot be used to strengthen 
the two-tier or standard view of scientific knowledge. 

... if observability is merely a matter of degree, then there seems to be 
no plausible way of drawing a sharp line on this basis between objects 
which do and objects which do not exist. Under the influence of these 
considerations, most philosophers have given up the attempt to 
distinguish observables from unobservables on this basis and focus 
instead on the terminological distinction. (Grandy, 1973, p. 3) 

Let us turn, therefore, to the question of whether a difference can be 
established between theoretical and observational terms. 

The debate about the nature of scientific terms has been concerned 
particularly with the meaning of theoretical concepts. The central 
problem has arisen as a consequence of taking factual statements as 
unproblematic (except in the ‘trivial’ sense of depending on careful, 
accurate observation) and as conceptually distinct from those of theory. 
Thus, if statements of fact are independent of scientific theories and can 
be used as a neutral check upon them, and if theoretical propositions go 
beyond the established facts, what reference in the real world can be 
attributed to theoretical claims and the terms in which they are formu- 
lated? For instance, if the factual statements of geneticists about the 
colours of successive generations of sweet peas are quite separate from 
theoretical propositions about genes, about which we can obtain no 
direct evidence, can the latter claims be said to have scientific meaning? 
Furthermore, if the statements in which terms like ‘gene’ occur have no 
meaning, if they are not synthetic propositions, how can we maintain 
that they are true or false? And if theoretical claims are neither true nor 
false, they can hardly be regarded as furnishing valid knowledge. 

There is some overlap between this conception of the problem and that 
which seeks to distinguish between kinds of scientific objects. This 



second formulation, however, points in a more promising direction. 
Whilst it appears that theoretical terms do not correspond to a special 
type of entity and that theoretical concepts seem to have a different kind 
of meaning from those used to report observations, it cannot be denied 
that the use of theoretical terms is peculiarly characteristic of science and 
that they must therefore be meaningful in some way. 

One response to this problem is to accept that scientific theories have 
no direct meaning and to regard them simply as formal systems. Theoreti- 
cal terms come to be seen, therefore, merely as logical devices for deriving 
new observational statements from established facts and as acquiring 
‘indirect meaning’ through their linkage with factual statements 
(Carnap, 1939). But this answer raises further difficulties. In the first 
place, it is difficult to reconcile the relatively trivial role assigned to 
theory by this interpretation with the fact that theoretical work is 
regarded as of fundamental-importance by practising researchers and the 
fact that theorists receive by far the greatest honour and respect among 
scientists (Hagstrom, 1965). Thus this attempt to describe the structure 
of scientific knowledge, although it succeeds in portraying its factual 
basis in a way which supports the standard view of science, does so at the 
cost of treating its theoretical component as largely redundant and of 
implying that scientists themselves are generally mistaken about the 
relative value of the contributions to knowledge made by theorists and 
observers. Clearly an account of scientific knowledge which made sense 
of scientists’ own high regard for theory would be preferable. 

A move in this direction was made with the recognition that it was in 
practice extremely difficult to distinguish observational terms, whose 
meaning was ‘derived from experience’, from speculative theoretical 
terms. For instance, there seems little point in insisting that there are two 
meanings of the term ‘mass’, one observable (as in the observed mass of 
a volume of gas) and one theoretical (as in the mass of its constituent 
molecules, which are individually unobservable yet which in sum deter- 
mine the observable mass). Accordingly, it has increasingly come to be 
accepted that the distinction is arbitrary and as inherently ambiguous as 
that between observable and unobservable objects (Carnap, 1966). One 
major reason why it has proved so difficult to separate observational 
from theoretical terms is that terms seem to acquire their meaning, not as 
isolated units which in the case of observational terms can be referred to 
corresponding physical entities, but as elements within wider linguistic 
frameworks. 

It is not correct to speak, as is often done, of ‘the experiential mean- 
ing’ of a term or a sentence in isolation. In the language of science, and 
for similar reasons even in pre-scientific discourse, a single statement 
usually has no experiential implications. A single sentence in a 
scientific theory does not, as a rule, entail any observation sentences; 



consequences asserting the occurrence of certain observable phenomena 
can be derived from it only by conjoining it with a set of other, sub- 
sidiary, hypotheses. Of the latter, some will usually be observation 
sentences, others will be previously accepted theoretical statements. 
Thus for example, the relativistic theory of the deflection of light rays 
in the' gravitational field of the sun entails assertions about observable 
phenomena only if it is conjoined with a considerable body of astrono- 
mical and optical theory as well as a large number of specific state- 
ments about the instruments used in those observations of solar 
eclipses which serve to test the hypothesis in question. (Hempel, 1965, 

p.112) 

If this is so, if observational terms have no experiential meaning apart 
from their location in a broader conceptual and propositional scheme, it 
is simply impossible to identify a separate class of factual statements 
constituting the bedrock on which scientific knowledge is built. 

The way in which particular observational terms acquire their meaning 
from a cluster of associated propositions and concepts has been made 
especially clear by Hesse (1974). She begins with the assumption that 
every physical situation is indefinitely complex. Each new situation is in 
detail different from every other. This leads to a loss of information in 
every application of observational terms, which leaves room for changes 
in classification to take place under certain circumstances. Many of the 
observational categories used in science, as well as in everyday life, are 
learned in concrete empirical contexts, where a direct association is 
established between selected aspects of the situation and a certain term. 
But complete fluency in the use of de.scriptive terms is not obtained by 
means of direct association alone. Learning a language also involves 
learning certain generalisations or ‘laws’ containing its terms. These laws 
are always linked together in symbolic networks. Knowledge of these 
laws and networks is required in order to identify proper occasions for 
the use of a physical predicate; such knowledge enables the user to apply 
the terms ‘correctly’ in situations other than those in which they were 
learned initially. 

For example, a person may learn to observe and identify the planet 
Venus, partly by means of the ‘law’ that ‘stars twinkle in the night sky 
but planets do not’. This law can then be used as a resource for observing 
other planets and may lead to the ‘correct’ identification of Mars, and so 
on. Of course, in applying this law, a newcomer may make what is 
regarded by a more experienced observer as a mistake. He may think that 
he is observing a planet, when what he is ‘really’ seeing is a star. If the 
more experienced observer wishes to correct this mistake, he may merely 
suggest that if his companion looks more carefully he will see that the 
celestial object in question is actually twinkling. But if his companion is 
not convinced thus easily, it may be necessary for the experienced 



second formulation, however, points in a more promising direction. 
Whilst it appears that theoretical terms do not correspond to a special 
type of entity and that theoretical concepts seem to have a different kind 
of meaning from those used to report observations, it cannot be denied 
that the use of theoretical terms is peculiarly characteristic of science and 
that they must therefore be meaningful in some way. 

One response to this problem is to accept that scientific theories have 
no direct meaning and to regard them simply as formal systems. Theoreti- 
cal terms come to be seen, therefore, merely as logical devices for deriving 
new observational statements from established facts and as acquiring 
‘indirect meaning’ through their linkage with factual statements 
(Carnap, 1939). But this answer raises further difficulties. In the first 
place, it is difficult to reconcile the relatively trivial role assigned to 
theory by this interpretation with the fact that theoretical work is 
regarded as of fundamental-importance by practising researchers and the 
fact that theorists receive by far the greatest honour and respect among 
scientists (Hagstrom, 1965). Thus this attempt to describe the structure 
of scientific knowledge, although it succeeds in portraying its factual 
basis in a way which supports the standard view of science, does so at the 
cost of treating its theoretical component as largely redundant and of 
implying that scientists themselves are generally mistaken about the 
relative value of the contributions to knowledge made by theorists and 
observers. Clearly an account of scientific knowledge which made sense 
of scientists’ own high regard for theory would be preferable. 

A move in this direction was made with the recognition that it was in 
practice extremely difficult to distinguish observational terms, whose 
meaning was ‘derived from experience’, from speculative theoretical 
terms. For instance, there seems little point in insisting that there are two 
meanings of the term ‘mass’, one observable (as in the observed mass of 
a volume of gas) and one theoretical (as in the mass of its constituent 
molecules, which are individually unobservable yet which in sum deter- 
mine the observable mass). Accordingly, it has increasingly come to be 
accepted that the distinction is arbitrary and as inherently ambiguous as 
that between observable and unobservable objects (Carnap, 1966). One 
major reason why it has proved so difficult to separate observational 
from theoretical terms is that terms seem to acquire their meaning, not as 
isolated units which in the case of observational terms can be referred to 
corresponding physical entities, but as elements within wider linguistic 
frameworks. 

It is not correct to speak, as is often done, of ‘the experiential mean- 
ing’ of a term or a sentence in isolation. In the language of science, and 
for similar reasons even in pre-scientific discourse, a single statement 
usually has no experiential implications. A single sentence in a 
scientific theory does not, as a rule, entail any observation sentences; 



consequences asserting the occurrence of certain observable phenomena 
can be derived from it only by conjoining it with a set of other, sub- 
sidiary, hypotheses. Of the latter, some will usually be observation 
sentences, others will be previously accepted theoretical statements. 
Thus, for example, the relativistic theory of the deflection of light rays 
in the gravitational field of the sun entails assertions about observable 
phenomena only if it is conjoined with a considerable body of astrono- 
mical and optical theory as well as a large number of specific state- 
ments about the instruments used in those observations of solar 
eclipses which serve to test the hypothesis in question. (Hempel, 1965, 
p.n2) 

If this is so, if observational terms have no experiential meaning apart 
from their location in a broader conceptual and propositional scheme, it 
is simply impossible to identify a separate class of factual statements 
constituting the bedrock on which scientific knowledge is built. 

The way in which particular observational terms acquire their meaning 
from a cluster of associated propositions and concepts has been made 
especially clear by Hesse (1974). She begins with the assumption that 
every physical situation is indefinitely complex. Each new situation is in 
detail different from every other. This leads to a loss of information in 
every application of observational terms, which leaves room for changes 
in classification to take place under certain circumstances. Many of the 
observational categories used in science, as well as in everyday life, are 
learned in concrete empirical contexts, where a direct association is 
established between selected aspects of the situation and a certain term. 
But complete fluency in the use of descriptive terms is not obtained by 
means of direct association alone. Learning a language also involves 
learning certain generalisations or iaws’ containing its terms. These laws 
are always linked together in symbolic networks. Knowledge of these 
laws and networks is required in order to identify proper occasions for 
the use of a physical predicate; such knowledge enables the user to apply 
the terms ‘correctly’ in situations other than those in which they were 
learned initially. 



observer to draw extensively upon his knowledge of astronomical 
parallax, upon theories of gravitation and optical transmission, and so 
on, in order to show that the object simply cannot be another planet; for 
it it were, the whole science of celestial mechanics would be overturned. 
The logic of this procedure is to take the current knowledge-system and 
its laws as given and explicitly to decide what it is we are observing in the 
light of the requirements of this system. Thus, the meaning of the 
observational term ‘planet’ is derived from its use within a network of 
related terms and propositions, and is not established simply by direct 
reference to a series of isolated empirical instances which can be 
identified independently of this cluster of interpretative resources. As 
Hesse herself emphasises, this account of scientific knowledge involves a 
far-reaching reinterpretation of the theory/observation distinction. 

There are considerable implications for the standard view of science in 
this abandonment of the orthodox distinction between theoretical and 
observational terms. In the first place, if all terms obtain their meaning 
through their location in a framework of concepts and propositions, then 
it seems that no statement of fact is theoretically neutral. Scientists do 
not have access to independent findings against which to check theoreti- 
cal alternatives. They can never step entirely outside their own analytical 
scheme, for to do so would deprive their concepts and their propositions 
of meaning. Thus all empirical statements are ‘theory-laden’ (Ryle, 
1949). Furthermore it follows that, in so far as the analytical framework 
alters, so does the meaning of observation statements (whether particular 
findings or empirical generalisations) formulated within its frame of 
reference. 

... no feature in the total landscape of functioning of a descriptive 
predicate is exempt from modification under pressure from its sur- 
roundings. That any empirical law may be abandoned in the face of 
counter-examples is trite, but it becomes less trite when the functioning 
of every predicate is found to depend essentially on some laws or other 
and when it is also the case that any ‘correct’ situation of application- 
even that in terms of which the term was originally introduced — may 
become incorrect in order to preserve a system of laws and other appli- 
cations. It is in this sense that I shall understand the ‘theory depend- 
ence’ or ‘theory ladenness’ of all descriptive predicates. (Hesse, 1974, 
p.ll) 

We appear, then, to have reached a conclusion which rejects two basic 
assumptions of the standard view; that is, we have concluded that the 
factual claims of science are neither independent of theory nor stable in 
meaning. Even when the symbols on the page of a scientific textbook 
remain unchanged over a fairly long period, their meaning in the eyes of 
the research community may well be in continual flux, as the interpretative 
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context of research evolves. In addition, it follows that the meaning of 
given factual statements will often differ for different sections of the 
scientific community; for instance, for researchers as against school- 
teachers and for members of separate specialties, depending on how far 
these social groupings operate with divergent interpretative frameworks. 
Thus not only is the factual ‘basis’ of science theory-dependent and 
revisable in meaning, but it also appears to be socially variable. 

This revised perspective on the relations between fact and theory has 
several strong interpretations (e.g. Feyerabend, 1975), as well as numer- 
ous weaker versions (e.g. Scheffler, 1963). Before I discuss in more detail 
the characteristics of these strong and weak versions, let me say a few 
more words about the ways in which linguistic frameworks may affect 
the formulation of factual propositions. There is, as I have stressed, an 
influential empiricist tradition which treats facts as things or events out 
there to be observed and appropriately described. Thus facts are thought 
to exist, even though we may not have words with which to express them. 
In order to appreciate the limitations of this view it is useful to ask, as 
Hanson (1969) does: what do the facts ‘out there’ look (or sound or feel) 
like? jCould one photograph a fact? Tt is evident that a photograph, no 
matter how clearly focused, cannot present us with facts until we begin to 
select from it certain elements and to formulate them in linguistic form. 
(The argument here parallels that above taken from Hesse.) The facts 
represented in the photograph are those features which can be so 
expressed (Strawson, 1959); and what can be so expressed depends on the 
linguistic and other symbolic resources available. In other words, the 
nature of our language will tend to favour certain kinds of statement, 
whilst prohibiting others. (Some of the work in cognitive anthropology is 
worth considering here. See Frake, 1961, and Hoijer, 19^.) This 
argument is as applicable to the vocabularies of science as to any other 
language system. 

. . . our types of notation in physics may occasionally render us insensi- 
tive to features of the material world ... I am not saying that there are 
aspects of . . . protozoa, and subatomic entities that elude description 
in the languages available to us. My point is only that it is not logically 
impossible that there might be. And if this point is sound we can see 
that it is not logically impossible that we might have come to think 
about the physical world very differently from the way we actually 
think . . . Given the same physical world we might have {logically might 
have) come to speak of it differently ... In other words, the logical and 
grammatical traits of our several scientific languages, notations and 
symbol-clusters may affect how we see the world, or what we under- 
stand to be the facts about the world. (Hanson, 1969, pp. 182-3) 


Hanson stresses that it is impossible to demonstrate this thesis other 
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than logically. For it follows from the thesis itself that one cannot prove 
it empirically by presenting a fact which is beyond the scope of our 
linguistic resources. It should also be noted that no claim is being 
advanced that linguistic frameworks alone determine the content of 
factual statements. As Scheffler points out, scientists using an identical 
conceptual scheme can perfectly well formulate contradictory hypo- 
theses. Nevertheless, it is clear that linguistic frameworks in science are 
usually devised in conjunction with substantive models or interpretations 
(Bohm, 1965); and that the latter do influence the content of factual 
statements in a fairly direct manner. 

It follows that although ... the same categorization allows the expres- 
sion of alternative hypotheses, these hypotheses will nevertheless 
confer alternative meanings on the categorization in question. If I can 
indeed formulate the denial of my hypothesis in terms of the categori- 
zation by which it is expressed, I cannot accept such denial without 
altering the very meaning of this categorization, for such acceptance 
effects a change in my language system. (Scheffler, 1967, p. 46) 

Although linguistic frameworks are necessary for the statement of 
facts, they give no hold on the external world until they are used to 
formulate some positive account of certain facets of that world. Only 
when this has been done can the observer attribute significance to his 
observations and thereby state them as meaningful propositions. This is 
nicely illustrated by Darwin’s failure to recognise that one of his 
experiments had revealed what would now be seen as an important 
empirical regularity. 

Having crossed snapdragons and produced hybrid varieties, Darwin 
found what he called ‘prepotency’ — and what Mendel called ‘domin- 
ance’ — in the first generation offspring. What is more he obtained 
both parental types in the second generation of hybrids, actually 
counted the number of each kind, and found 88 of the prepotent type, 
37 of the other. This result is not significantly different from a 
Mendelian 3:1 ratio, but Darwin did not know how to attribute 
meaning to it. (Glass, 1953, p. 152) 

Mendel himself was able to transform similar findings into a statement of 
empirical regularity, at least partly because he had clear expectations in 
mind which enabled him to regard the approximate numbers occurring in 
actual experiments as crude expressions of an idealised theoretical 
relationship (Fisher, 1936). Like Darwin, however, other well-informed 
and competent specialists, such as Focke, Hoffman and NSgeli, passed 
over Mendel’s findings without seeing that they revealed ‘facts of nature’ 
not already well established. This became accepted only some forty years 
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later, when MendeFs observations had become explicable in terms of 
subsequent developments in the theory of chromosomes and particulate 
inheritance. 

So far in this section we have seen that the traditional distinctions 
between observable and unobservable entities, and between factual and 
theoretical statements are impossible to maintain without considerable 
qualification. The most we can do is to distinguish roughly between 
propositions which are closer to particular evidence and those which are 
used in a more general sense. But all factual claims, whether very specific 
statements such as Mendel’s description of the results of particular crops 
of peas, or relatively general propositions, such as those expressing the 
ratios of inherited characteristics, are theory-laden. Technical terms like 
‘electron’, ‘quasar’, ‘gene’, and the more commonsense terms and 
propositions which scientists regularly use (Elliot, 1974), acquire their 
scientific meaning from the linguistic, theoretical (and perhaps social) 
context in which they are embedded. The meaning of scientific observa- 
tional categories and factual claims must be conceived in terms of the 
position they occupy in a theory. As Darwin succinctly expressed it: every 
fact is a fact for or against a theory (Hanson, 1969, pp. 216-17). This 
interpretation of the relationship between fact and theory in science, 
unlike the standard view, has the advantage of being consistent with the 
great importance that scientists themselves attach to theoretical work. It 
also has major implications for the sociology of knowledge, as Nagel has 
noted. 

The import of every observation statement is therefore determined by 
some theory that is accepted by the investigator, so that the adequacy 
of a theory cannot be judged in the light of theory-neutral observation 
statements. Accordingly, if these claims are sound, they apparently 
lead to a far-reaching ‘relativism of knowledge’, to a scepticism con- 
cerning the possibility of achieving warranted knowledge of nature 
that is much more radical than the relativism associated with the views 
of Karl Mannheim and other sociologists of knowledge. (Nagel et al.y 
1971, p. 18) 

It is hardly surprising, therefore, that this account of scientific know- 
ledge, certainly in its stronger forms, generates philosophical difficulties 
similar to those faced by Mannheim. 

First, in some versions, scientific knowledge comes close to appearing 
empirically vacuous. The idea that factual reports are formulated in 
terms of their associated theoretical or metaphysical presuppositions 
seems to imply that each theory can only be tested in its own terms, yet 
that within its own terms it is immune from refutation. Any particular 
observation will have no meaning until it has been theoretically interpre- 
ted. However, the meaning supplied by the theory can only serve to 



confirm that theory. It seems only too easy to dismiss any observation 
which appears to depart from expectation by asserting, perhaps in a more 
refined form, that: ‘If it departs from expectation, then it is either an 
incorrect observation or it is an observation of the wrong type.’ Within 
this view of science, although an analytical framework may generate such 
severe internal inconsistencies that its adherents adopt some alternative 
scheme, it can never be unequivocally refuted by means of empirical 
evidence (Kuhn, 1962; Lakatos, 1970). 

In addition, there is the related problem of ‘incommensurability’. If 
the meaning of scientific terms and propositions depends on the whole 
belief system within which they are presented, then it is difficult to see 
how any two theories can be regarded as rivals or their factual claims as 
incompatible. Scientists working within different schemes will be investi- 
gating different worlds; and although their statements may sometimes 
appear superficially to be identical when taken in isolation, their meaning 
within their divergent frames of reference will not actually be the same. 
Furthermore, genuine communication will be possible only among those 
who share a common framework, within which given statements are 
understood in the same way. Kuhn (1970) has argued that these 
interpretative frameworks are community-based and that inability to 
communicate effectively is experienced only intermittently, whenever a 
research community’s paradigm disintegrates under the pressure of 
internally generated inconsistencies. It is, however, just as plausible to 
argue that each individual scientist develops a unique perspective on his 
research area (Ravetz, 1971; Gilbert, 1976) and that, if the meaning of 
particular assertions depends on the whole framework of belief, each 
scientist must be ‘trapped in the web of his own meanings’ (Scheffler, 
1967, p. 46). 

This kind of difficulty closely resembles that posed by Mannheim in 
his attempt to devise a new epistemology for social knowledge. Like 
Kuhn, Mannheim assumed that agreement about facts can usually be 
reached fairly easily by those operating within a shared framework of 
meanings. But when divergent perspectives are involved between which 
some choice must be made, there is in Mannheim’s view no alternative 
but to try to translate the ‘opposing’ perspectives to a higher level of 
common meaning, in such a way that the greatest fruitfulness in dealing 
with empirical materials is achieved. The new philosophy of science goes 
further than Mannheim, as Nagel notes, not only in arguing that man’s 
view of the physical as well as the social world depends on shared 
meanings, but also in stressing the difficulty of translating from one 
network of meanings to another and of achieving a common understand- 
ing of what is to count as ‘empirical material’. 

This strong alternative to the standard view, although it has been 
gaining ground since the 1950s, is still a minority position among 
philosophers of science. Indeed, many of the latter have devoted 
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considerable effort to amending, without entirely relinquishing, the 
orthodox account of fact and theory in response to the major points 
raised by its more radical critics. It seems to me, however, that the 
various moderate, compromise views which have resulted still differ 
sufficiently from the standard view to warrant a reappraisal of the 
sociology of scientific knowledge. 

Certain of the ideas I have been discussing have come to be generally 
accepted, even by those who do not wish to abandon totally the orthodox 
position. In particular, it is accepted ‘that the sense and use of predicates 
employed in the sciences, including those employed to report allegedly 
observed matters, is determined by the general laws and rules into which 
these predicates enter’ (Nagel, 1971, pp. 19-20). It follows that ail 
factual statements are corrigible in principle, that their connection with 
the external world is problematic and mediated by theoretical presup- 
positions, and that their meaning is subject to change as the analytical 
context itself develops. All this is accepted. What is challenged is that the 
meaning of factual propositions is ‘determined by the totality of laws and 
rules of application belonging to the corpus of assumptions of a science 
at a given time’ (Nagel, 1971, p. 20). Scheffler makes the same point, 
denying that meanings are ‘so interlocked that a change in any one 
affects all the rest within a given language system’ (1967, p. 59). In other 
words, it is being suggested that the cohesion, the connectedness, of 
scientific knowledge-systems has been exaggerated; and also that it is this 
misapprehension which has given rise to the philosophically unacceptable 
assertion of incommensurability and of empirical vacuity. Once we 
recognise, it is argued, that each conceptual framework does not 
constitute a seamless web, then we can avoid being driven to these 
indefensible conclusions. Let me give two brief illustrations of what 
philosophers like Nagel and Scheffler have in mind. I shall begin with an 
example taken from the field of radio astronomy (Edge and Mulkay, 
1976). 

Pulsars are relatively small celestial objects which emit a rapid and 
regular radio pulse. They were discovered quite unexpectedly in 1967-8 
(Woolgar, 1976a). The research which led to their discovery began some 
months earlier, with the aim of identifying quasars — objects which 
resemble pulsars only in having very small diameters and in emitting 
electro-magnfetic radiation at radio wavelengths. The basic idea on which 
this research project depended was that radio waves from very small 
sources fluctuated quickly and irregularly, unlike those from ordinary 
radio galaxies. This ‘scintillation’ is interpreted as a distortion of the 
radio waves coming from small sources as the waves pass through 
‘plasma clouds’ surrounding the sun. It is clear that the observations of 
scintillating radio scources which ensued were theory-laden in the sense 
discussed above. Meaning was assigned to them within a complex 
network of assumptions; for example, assumptions about the nature of 



radio waves and radio receivers, about the properties of ‘small’ celestial 
objects, about the physics of the sun’s atmosphere, and so on. But 
pulsars were first observed because they departed from the observational 
expectations generated by these assumptions. For instance, the pulses of 
radio emission were remarkably regular and they scintillated at night, 
when the effect of the sun on radio waves was minimal. 

Once these unusual features had been noticed, the observers concerned 
explored several quite distinct interpretations of their findings— 
including the possibility that the pulses were artificially created by some 
alien intelligence. But these interpretative explorations were linked only 
in the most indirect manner to the original set of assumptions which had 
given meaning to the search for quasars. In the radio astronomers’ view, 
the established ideas about radio waves, radio receivers, plasma clouds, 
and so on, were in no way threatened by this unexpected discovery. They 
were sufficiently indeterminate to cope with the existence of the unanti- 
cipated objects, without requiring any obvious revision. In this sense, 
they provided part of the background of interpretative resources within 
which pulsars had to be understood. However, these original assump- 
tions were of no positive use in accounting for the unusual features of the 
observed radio signals. And, in fact, the observers eventually made use 
of a largely unnoticed paper on neutron stars which had been in the 
literature for some time, in order to provide a preliminary interpretation 
which they regarded as suitable for their findings. 

This example seems to show that a single group of scientists can have 
access to various bodies of theoretical resources which are not closely 
connected; and that factual statements, although undoubtedly theory- 
laden, do not derive their meaning exclusively from that framework of 
assumptions which gave them birth. Similar conclusions are reached by 
Nagel in the course of an examination of some of Newton’s researches 
into optics. Nagel notes that Newton’s observational terms acquired at 
least part of their meaning from various laws in which they were 
embedded and which Newton took for granted. But, he argues, the 
conceptions used by Newton in interpreting his findings were in no way 
assumed in the design and execution of his experiments. 

[This] shows that an experiment intended to ascertain on what factors 
the occurrence of a certain phenomenon depends can be described so 
that the statement of the observations made is neutral as between alter- 
native theories which may be proposed to explain the phenomenon, 
even though the descriptive statement will indeed presuppose various 
theories, laws, and other background information that are not in 
dispute in the given inquiry. (Nagel, 197 1 , p. 26) 

Thus once we allow that the networks of assumptions and concepts 
used in scientific research are neither completely determinate in meaning 
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nor wholly unified, it becomes possible to escape from the 'stultifying 
circularity’ according to which factual statements are linked indissolubly 
to a particular framework of preconceptions. It does seem possible for 
scientists sometimes to devise independent checks for specific factual 
claims; although it is clear that this can only be done by treating other 
sets of assumptions as unproblematic, at least for the moment. Similarly, 
it may well be that the problem of incommensurability has been 
exaggerated. The examples given above, for instance, of Newtonian 
optics and the interpretation of pulsars, seem to show that scientists can 
agree about the theoretical basis for a given set of empirical results, 
without thereby committing themselves necessarily to identical interpreta- 
tions of those results. If this is so, then at least some degree of 
communication is possible between participants operating with divergent 
analytical frameworks (Grandy, 1973). This is what Kuhn, in reflecting 
on his critics, has come to call ‘partial communication’ (Lakatos and 
Musgrave, 1970). 

I do not intend to pursue these issues further here. I simply want to 
establish that, in abandoning the standard view, one does not necessarily 
have to adopt an extreme interpretation of scientific thought as com- 
posed of closed, self-perpetuating meaning-systems. Even the more 
moderate analyses of fact and theory that I have described above depart 
significantly from the standard view. Gone is the simple notion that 
science is built upon a growing corpus of neutral facts. Gone also is the 
idea that well-established facts are unrevisable and that, consequently, 
scientific knowledge accumulates in a relatively straightforward fashion. 
Nevertheless, although the notion of ‘fact’ has been made more provi- 
sional and although facts must be seen in relation to specific intellectual 
frameworks, it would be wrong to conceive of scientists generally as 
treating their observational or theoretical knowledge as merely hypothe- 
tical and in constant danger of collapse. In fact, one important factor 
contributing to the impressive intellectual development of modern 
science has been the capacity of its adherents to forget their background 
assumptions and to concentrate on using these assumptions to undertake 
detailed empirical exploration. Kuhn is surely correct in stressing that 
modern science is unusually free, compared with other areas of intellect- 
ual endeavour, from debates about fundamentals. Most scientific 
research is carried out in a context in which a whole series of assumptions 
are so firmly entrenched that their revision or refutation is virtually 
unthinkable. For instance, in the discovery of quasars (not pulsars) 
astronomers were faced, implicitly, with a choice between either recogni- 
sing the existence of extraordinary objects 1(X) times more luminous than 
previously known radio galaxies, for which no remotely satisfactory 
theoretical account was available, or with revising views about ‘redshifts’ 
and stellar spectra which provided the basis for whole areas of astronomy 
and its techniques (Edge and Mulkay, 1976). It is clear that very few 



astronomers seriously considered the latter course, even after years of 
interpretative failure. 

As we have seen, it is only against the background furnished by such 
well-entrenched assumptions that scientists are able to formulate mean- 
ingful and detailed hypotheses about the world. For each researcher and 
for each research community, only a limited number of issues are 
normally treated as empirically open. We must not, however, fall into the 
trap of trying to distinguish, by means of inherent characteristics, those 
analytical resources which are entrenched from those which are taken as 
contingent. To do this would be very similar to trying to distinguish 
observational statements unambiguously from theoretical statements. It 
must not be forgotten that the meaning of a scientific proposition varies 
with the intellectual context in which it is used. This is not merely to say 
that some propositions become more firmly entrenched as a research area 
matures, although this does tend to happen. It is to suggest, in addition, 
that specific scientific formulations can be employed in various different 
ways at the same point in time. Thus Hanson writes: 

. . . law sentences are used sometimes to express contingent proposi- 
tions, sometimes rules, recommendations, prescriptions, regulations, 
conventions, sometimes a priori propositions . . . and sometimes 
formally analytic statements . . . Few have appreciated the variety of 
uses to which law sentences can be put at any one time, indeed even 
in one experimental report. (1965, p. 98) 

Hanson goes on to show in detail how an individual physicist can be seen 
to employ the second law of motion in a variety of ways as he moves 
from setting up an experiment, to constructing a machine, to defining an 
area of application, and so on. His conclusion is not surprising, for it 
follows directly from the idea that the meaning of a proposition depends 
on its connections with other formulations. It clearly allows for the 
possibility of considerable variation in the meaning of scientific proposi- 
tions in relation to changes in social context, in so far as social and 
intellectual context vary together. 

In this section I have shown that the orthodox account of the relation 
between fact and theory, the heart of the standard view of science, is 
untenable. In demonstrating this I have used implicitly an interpretation 
of scientific observation which is directly opposed to that of the standard 
view. Let me try to show clearly that a correct description of observation 
in science lends support to the argument above. 

OBSERVATION IN SCIENCE 

From within the standard view of science, observation is thought to be 
scientifically adequate in so far as such distorting influences as bias. 
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intellectual prejudice and emotional involvement have been removed. 
Proper scientific observation occurs when the observer allows himself to 
be impressed by an objective reality. This view is consistent with the fact 
that natural philosophers, at the birth of modern science, eliminated from 
consideration secondary, subjective qualities, such as taste, smell and 
colour, and concentrated on ‘objective, measurable attributes’, such as 
motion and magnitude (Burtt, 1924). Thus observation in science has 
been seen as a plain recording of the unembroidered evidence of the 
senses and as being quite separate from the creation of meanings. Much 
recent work in the philosophy of science has been devoted to formulating 
an alternative account of scientific observation which is more consistent 
with the revised conception of the nature of scientific theory. In devising 
this account philosophers have drawn heavily on the conclusions of 
experimental psychologists about human perception in general. 

One fundamental conclusion arising from work in psychology is that 
observation can never be as passive as the standard view requires. We 
never simply receive and register inputs from the external world. Instead 
we act upon that world so as to create a series of discernible but ever- 
changing cues about its characteristics; and in the very act of perception, 
the observer interprets these cues in terms of the cultural resources he 
brings to bear. For example, in artificial situations where we are required 
to observe solely by means of touch, we construct or infer the structure 
and composition of objects placed in our hands by performing a series of 
operations, such as pressing, turning and balancing. As a result of such 
active manipulation, we are generally able to place objects into categories 
and to produce statements about their overall shape and general attri- 
butes which go well beyond our actual contact with them. When asked to 
report what we have observed, we tend to describe the inferred structure 
in terms of the conventional categories available to us. We do not, and 
almost certainly could not, describe our complex series of hand move- 
ments, nor the fragmented tactile sensations produced by those move- 
ments. Our piecemeal explorations of the objects occur only on the 
fringes of awareness. We regard ourselves as having observed the 
relatively invariant structure which we have inferred out of a limited 
range of sensations. 

The account just given of the sense of touch is perhaps not especially 
surprising. After all, human beings seldom observe by means of touch 
alone. But, more interestingly, our dominant visual sense appears to 
operate in a similar way. Vision also involves necessarily an active role on 
the part of the observer. It appears that what we see is constructed out of 
constantly changing sensations produced by a continuous series of 
movements of the eye and of the body (Bohm, 1965). For example, the 
eyeball vibrates in such a way that the retinal image is constantly shifted 
by a distance roughly equal to that between adjacent cells on the retina of 
the eye. Superimposed on this movement, the eye has a regular swing 



which is followed every so often by a sudden return approximately to the 
original point of focus. It appears that movement of this kind is essential 
to visual perception. For when experimental arrangements are devised 
which cancel out the effects of the eye’s movement, subjects eventually 
become unable to see at all, even though clear images of the external 
world are still projected onto the retina. Thus, although we normally see 
a world filled by solid, permanent objects in three dimensions, we have 
no continuous optical register of these objects. Our eyes actually record 
an ever-changing sequence of momentary, two-dimensional and inverted 
impressions, out of which we construct the stable visual entities of 
everyday knowledge (Borger and Seaborn, 1966, p. 1 18). 

Studies of the kind carried out by experimental psychologists seem to 
show that direct observation, whether scientific or otherwise, involves us 
in more than merely registering and reporting ‘the unembroidered 
evidence of the senses’. The observer has no alternative but to embroider 
the evidence of his senses, for he receives from them no stable nor 
complete record of objects or processes in the physical world. Instead he 
receives, as a consequence of his own action upon that world, a series of 
continually changing cues about its characteristics. With the help of these 
cues, the observer is able to perform inferential work, often quite 
complex even in the everyday world, which enables him to decide what it 
is that he has observed. 

The perceived picture is therefore not just an image or reflection of our 
momentary sense impressions, but rather it is the outcome of an ever- 
changing construction . . . Such a construction functions in effect, as a 
kind of ‘hypothesis’ compatible with the observed invariant features of 
the person’s over-all experience with the environment in question. 
(Bohm, 1965, p. 203) 

The same conclusion is reached by Bruner in the course of his influential 
studies of perception/observation. He states clearly that we must no 
longer think of observation as providing us with a representation of the 
real world. 

What we generally mean when we speak of representation or veridica- 
lity is that perception is predictive in varying degrees. That is to say, 
the object that we see can also be felt and smelled and there will some- 
how be a match or congruity between what we see, feel and smell . . . 
Or, in still different terms, the categorical placement of the object 
leads to appropriate consequences in terms of later behaviour directed 
toward the perceived object: It appears as an apple, and indeed it keeps 
the doctor away if consumed once a day . . . The meaning of a thing, 
thus, is the placement of an object in a network of hypothetical infer- 
ence concerning its other observable properties, its effects, and so on 
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. . . veridicality is not so much a matter of representation as it is a 

matter of what I shall call ‘model building’. (1974, pp. 10- 11) 

In this quotation Bruner shifts (uneasily perhaps) between a behav- 
ioural and a linguistic definition of veridicality. In some contexts a 
behavioural definition seems reasonably appropriate; when one is con- 
sidering perception by animals, for instance. In the case of animals, 
observation leads to behaviour without the mediation of words. (There 
are now, of course, a few experimental apes of whom this is no longer 
entirely true.) In human perception, however, the linguistic element is 
prominent; at least partly because human observation often leads to 
statements about what was observed, in accordance with which action is 
initiated. Scientific observation, in particular, is necessarily expressed in 
terms of words or equivalent symbols. (I have stressed the role of 
linguistic categories, but for discussion of a ‘visual language’ in science 
see Rudwick, 1976.) Scientific knowledge consists of propositions about 
the world, formulated in the conventional forms of a specific language 
system. Observation which is not contained in some kind of research 
report and not formulated in terms of general categories is irrelevant to 
the purposes of science (Ravetz, 1971). In contrast a representation pure 
and simple, say, in the visual form of a photograph or retinal image, 
contains in itself no linguistic component. (The argument here parallels 
that in the previous section.) A retinal image makes no assertions about 
the world. Yet what we see, what we observe, has a crucial bearing on our 
propositional knowledge. If seeing were a purely visual phenomenon, 
unaffected by the categories that the observer has at his disposal, nothing 
that we saw with our eyes would be relevant to what we know about the 
world. ‘So our visual sensations must be cast in the form of language 
before they can even be considered in terms of what we know to be true. 
Until a visual sensation can be so considered, it is not observation . . . ’ 
(Hanson, 1974, p. 127). Even if one wishes to claim that human beings 
do sometimes register the external world without the mediation of 
linguistic categories, even if one regards some human perception as 
equivalent to that of other animals, it is difficult to maintain that this 
kind of observation is relevant to science. Scientific knowledge deals with 
what Ravetz has called ‘intellectually constructed classes of things and 
events’ (1971), that is, with general classifications which are defined by 
certain properties of their members. Particular things and events are 
classified (conceptualised) on the basis of how far they display the 
features of a particular class. And the observational reports which enter 
the body of scientific knowledge are couched in terms of these categories. 

Scientific observation, then, is fundamentally dependent on language. 
For most purposes we can think of observation as the act of locating 
things and events by means of categories; and such categories acquire 
their meaning by implying that certain statements will be found to apply 



to that which has been observed. Thus, if a physicist sees an object as an 
X-ray tube, he thereby assumes that specific propositions will apply to 
this object; for instance, that under certain conditions fluorescence will 
appear around the anode at high voltages. Similarly, if an astronomer 
identifies an object as a pulsar he assumes that it will move round the 
heavens on sidereal time, that the pulses of electro-magnetic radiation 
which it emits will be regular and of short duration, and so on. It is clear 
that these verbal assertions are somehow implied in the act of observa- 
tion, for if they were found subsequently not to apply, it would follow 
necessarily that the observed object was not really an X-ray tube or not 
really a pulsar. This is what Bruner means when he writes that observa- 
tion involves placing an ‘object’ in a network of hypothetical inference. 
There is a clear correspondence here between Bruner’s conclusion and the 
general position argued in the previous section. But the argument has now 
been extended explicitly to cover observation. Observation involves the 
application of categories to sense impressions. Categories, however, as we 
have seen, only have meaning within a network of related concepts and 
propositions. Consequently, observation consists in the interpretation of 
sense impressions in terms of a linguistic and theoretical framework. 

This does not mean that scientists first obtain various kinds of 
sensations and then apply concepts and interepretations to them. Con- 
cepts and theories are always present in the very act of scientific 
observation (Harris, 1970). The famous passage from Duhem which 
follows illustrates how this is particularly clear in the advanced physical 
sciences, where observation is mediated through a complex vocabulary of 
symbolic resources. (It is appropriate to quote Duhem here, because he 
has greatly influenced such modern thinkers as Hanson and Hesse.) 

Go into this laboratory; draw near this table crowded with so much 
apparatus: an electric battery, copper wire wrapped in silk, vessels 
filled with mercury, coils, a small iron bar carrying a mirror. An obser- 
ver plunges the metallic stem of a rod, mounted with rubber, into small 
holes; the iron oscillates and, by means of the mirror tied to it, sends a 
beam of light over to a celluloid ruler, and the observer follows the 
movement of the light beam on it. There, no doubt, you have an 
experiment; by means of the vibration of this spot of light, this 
physicist minutely observes the oscillations of the piece of iron. Ask 
him now what he is doing. Is he going to answer: ‘I am studying the 
oscillations of the piece of iron carrying this mirror?’ No, he will tell 
you that he is measuring the electrical resistance of a coil. If you are 
astonished and ask him what meaning these words have, and what rela- 
tion they have to the phenomena he has perceived and which you have 
at the same time perceived, he will reply that your question would 
require some very long explanations, and he will recommend that you 
take a course in electricity. (1962, p. 145) 
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It is clear that the trained observer and the untrained observer in this 
instance do not see the same things or the same events. 

The interpretative constructions through which we observe the world 
generate expectations about the cues to be received in various types of 
physical setting. These expectations make us either more or less sensitive 
to different kinds of cues and they can be thought of as providing 
interpretative sets which enable us to translate expected cues fairly 
smoothly into firm observations (Bruner, 1974). Thus what we observe 
depends in large measure on what we ‘know’, and therefore expect, 
about the world around us. Observation is ‘shot through with interpreta- 
tion, expectation, and wish’ (Scheffler, 1967, p. 22). The importance of 
this general point to scientific research has, of course, been argued 
emphatically and documented extensively by Kuhn (1962). Scientific 
observation in Kuhn’s view, far from being an unselective and unstruc- 
tured encounter with a series of unfamiliar flashes, sounds and bumps, is 
a precisely calculated creation of these as flashes, sounds and bumps of a 
particular kind. Science differs from commonsense knowledge, not in the 
elimination of preconceptions, but in the precision with which some of 
these preconceptions are formulated and the detail with which they are 
used to guide observation. ‘Sometimes, as in a wave-length measure- 
ment, everything but the most esoteric detail of the result is known in 
advance, and the typical latitude of expectation is only somewhat 
greater’ (Kuhn, 1962, p. 35). 

A similar characterisation of this aspect of science was developed some 
time ago by Duhem. Duhem pointed out that ordinary testimony, based 
on the observational procedures of everyday life, can achieve a very high 
level of reliability. ‘In a certain street of the city and near a certain hour I 
saw a white horse: that is what I affirm with certainty’ (1962, p. 163). But 
this comparative certainty is attained only by restricting one’s reports to 
relatively gross features of what was observed and by omitting the 
complex detail. In contrast, scientists try to deal in a precise manner with 
a complexity and minutiae of details which would defy description, if the 
scientist did not have at his service the clear and concise symbolic means 
of representation and measurement furnished by mathematical theory 
(Duhem, 1962, p. 164). Because scientific research is constructed and the 
resultant observations are expressed in terms of precise symbolic formu- 
lations, scientists are able to probe the physical world in intricate detail. 
Without the resources of a mathematically formulated theoretical 
language, an account of any routine experiment would fill a whole 
volume with the most confused, the most involved and the least 
comprehensible recital imaginable (see also Kuhn, 1963). Duhem’s 
general conclusion will surprise many readers even today, some seventy 
years after it was first written. 


The uninitiated believe that the result of a scientific experiment is 
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distinguished from ordinary observation by a higher degree of cer- 
tainty. They are mistaken, for the account of an experiment in physics 
does not have the immediate certainty, relatively easy to check, that 
ordinary, non-scientific testimony has. Though less certain than the 
latter, physical experiment is ahead of it in the number and precision 
of the details it causes us to know: therein lies its true and essential 
superiority. (1962, p. 163) 

This is a far cry from the traditional view that science has evolved 
observational procedures which effectively eliminate uncertainty. 

Scientific observations, then, are typically construed in terms of an 
established and complicated repertoire of interpretative formulations. In 
order to obtain precise observations and detailed distinctions, scientists 
necessarily take for granted a wide range of background assumptions. 
These are normally used as unproblematic resources for organising 
observation and for giving it scientific meaning. As Kuhn puts it, most of 
scientific research consists in fitting observations into the conceptual 
boxes provided by professional education. Yet Kuhn is surely wrong in 
claiming that in the great majority of specific areas of study there is only 
one cluster of concepts, only one paradigm or exemplar, available. As we 
noted in the previous section, there is a tendency in the literature to 
exaggerate the degree of intellectual rigidity or cohesion in science 
(Merton, 1975). It is, in fact, far from unusual to find that there are 
several candidate schemes in use in any particular area and that the 
research scientist’s central dilemma is precisely that of choosing between 
these schemes (Lakatos, 1970). Nevertheless, Kuhn is clearly right in 
stressing that scientific discovery is often associated with the failure to 
match actual observations with symbolically generated expectations. 
When this happens, when what we expect to observe patently fails to 
occur, it seems likely that scientific observation comes closest to resembl- 
ing the account embedded in the standard view of science. In such 
circumstances, to return to Duhem’s example quoted above, the scientist 
may abandon the notion that he is measuring the electrical resistance of a 
coil and revert to describing in gross terms the oscillations of a piece of 
iron carrying a mirror. 

. . . these observational situations have a point to them just because 
they contrast with our more usual cases of seeing. The language of 
shapes, color patches, oscillations, and pointer readings is the lang- 
uage appropriate to the unsettled experimental situation, where confu- 
sion and perhaps even conceptual muddlement dominate. And the 
seeing that figures in such situations is the sort where the observer does 
not know what he is seeing. He will not be satisfied until he does know, 
until his observations cohere and are intelligible as against the general 
background of his already accepted and established knowledge. And it 
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is this latter kind of seeing that is the goal of observation. For it is 
largely in terms of it, and seldom in terms of merely phenomenal 
seeing, that new inquiry will proceed. (Hanson, 1969, pp. 108-9) 

It is important to stress, once more, that what Hanson here calls 
‘phenomenal seeing’ is not a mere registering of the external world. Even 
phenomenal observation is an interpretative act, but one in which 
generally available cultural resources are utilised in place of specialised 
technical vocabulary. Thus another way of saying that the scientist does 
not know what he is seeing is to say that the formulation of his 
observations in the crude terminology of everyday life is normally 
deemed to be inadequate in the social context of physical research. 
However, such a formulation may well be entirely appropriate in the 
optician’s testing room, in the psychologist’s laboratory, or when 
theoretically generated expectations no longer appear to hold (see also 
Chapter 4 below). It seems, therefore, that what is to count as an 
accurate observation of physical phenomena will vary from one social 
setting to another (Lewis, 1956, p. 52). 

It appears, then, that observation of the physical world has at least the 
following features, none of which is consistent with the standard view of 
science. It is an active process, in the sense that the observer creates and 
responds to a dynamic sequence of cues. It involves categorisation, in 
that cues are used to place hypothesised objects and events in terms of 
pre-established sets of concepts. It is inferential, that is, the observer 
necessarily generalises from a range of cues which is always ‘incomplete’ 
in order to establish what it is he perceives. Observation is not separate 
from interpretation; rather these are two facets of a single process. In 
most scientific research, observation is intimately guided by and expres- 
sed in terms of a complex repertoire of symbolic formulations. These 
give rise to comparatively precise expectations, in relation to which 
observations can be assigned their scientific significance. The quantified 
language of science as well as its controlled experimental procedures 
produce exceptionally detailed and diverse empirical evidence. But 
neither the certainty of these observations nor the correctness of their 
formulation is in any way guaranteed. Nor is there any ‘one right way’ of 
reporting the results of a given observation. Judgements of observational 
adequacy seem to vary, like the meaning of propositions, according to 
the interpretative and social context. This theme will be taken up again in 
the next section. 

THE ASSESSMENT OF KNOWLEDGE-CLAIMS 

The discussion so far of the principle of uniformity, the nature of 
observation and the interdependence of fact and theory has major 
implications for every other component of the standard view of science 
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(Easlea, 1973). Once we have departed from the traditional interpreta- 
tion of fact, theory and observation, we must necessarily move towards a 
new account of the processes of scientific discovery, the nature of 
scientific consensus, the character of scientific progress, and so on. I 
shall not attempt to cover all of these ramifications in the rest of this 
chapter. Instead, I shall concentrate on examining how far we can 
continue to maintain that there exist common criteria and rules of 
evidence for assessing scientific knowledge-claims, which are applicable 
irrespective of differences in substantive concern or analytical approach. 
This issue is worth exploring, not only because the assumption that there 
are such criteria is an important part of the standard view, but also 
because it will help me to indicate some of the sociological implications 
of the newer philosophy of science. 

In the philosophical debate about the criteria used to certify scientific 
knowledge, most attention has been given to the principles involved in 
validating theoretical claims. Popper is not unrepresentative in suggest- 
ing that it is scientists’ way of choosing between theories which make 
science rational (1963, p. 215). Despite philosophers’ emphasis on 
theory, it is clear that most practising scientists are also required, and 
probably more frequently, to make judgements about the accuracy or 
reliability of particular observational reports. It may initially seem 
surprising, therefore, that there has been so little concern with the criteria 
by which specific data are judged, especially in view of the fact that 
‘agreement with the data’ has been so frequently proposed as a funda- 
mental principle for the assessment of theoretical claims (Frank, 1961). 
However, one reason for concentrating rather more on theoretical than 
on observational criteria is that observation is itself theory-laden. 
Consequently, when general criteria are used to judge the accuracy of 
particular observational reports, they are interpreted in terms of specific 
theoretical assumptions and a specific analytical context. 

Let us take, for instance, the criterion of ‘replicability’. There can be 
no doubt that scientists often use a notion of this kind in deciding 
whether or not particular experimental claims should be accepted 
(Ravetz, 1971). Empirical results which cannot be reproduced under 
specified conditions are usually regarded as untrustworthy. However, the 
application of such a rule to specific instances is far from unproblematic; 
for what counts as following a rule cannot be ascertained from inspection 
of the rule itself (Wittgenstein, 1953). What is to count as a ‘replication’ 
depends on scientists’ theories about the phenomena under study and on 
their view of the factors which may influence the observational situation. 
Consequently, as theoretical frameworks evolve and experimental tech- 
niques develop, so the way in which the general criterion of ‘replicability’ 
is applied in any given area necessarily alters. This can be illustrated by 
referring back to the earlier discussion of nineteenth-century work on 
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experimental results on snapdragons were hardly better than random 
numbers; and although there was no reason to doubt the reported 
observations of such a renowned naturalist (see below, however, vis-a- 
vis Mendel), there was no independent way of checking their accuracy. 
To have repeated Darwin’s experiment and obtained different numbers 
would have had no clear implications with respect to the latter’s findings. 
For numbers have to be interpreted before one can judge what is to count 
as an equivalent result. Thus, it was not until after the theoretical 
developments at the end of the nineteenth century, and the accompany- 
ing advances in statistical techniques of inference, that Darwin’s findings 
could be seen to be ‘not significantly different from a Mendelian 3:1 
ratio’. The acceptance of Mendel’s work by geneticists, and its theoreti- 
cal interpretation, furnished them with criteria in terms of which 
Darwin’s findings could be seen to be accurate and, indeed, to provide 
further confirmation (or replication) of Mendel’s own results. Darwin’s 
observational accuracy (within acceptable limits) was guaranteed by its 
conformity with theoretical expectation. 

The dependence of ‘replicability’ on theoretical context is revealed even 
more clearly in the attempt by Fisher during the 1930s to ‘reconstruct’ 
Mendel’s original experiments as exactly as possible. Although he was 
able to confirm many of the latter’s results, Fisher had some major 
reservations. 

A serious and almost inexplicable discrepancy has, however, appeared, 
in that in one series of results the numbers observed agree excellently 
with the two to one ratio [this experiment required a 2:1 and not a 3:1 
ratio], which Mendel himself expected, but differ significantly from 
what should have been expected had his theory been corrected to allow 
for the small size of his test progenies. To suppose that Mendel recog- 
nized this theoretical complication, and adjusted the frequencies 
supposedly observed to allow for it, would be to contravene the weight 
of the evidence supplied in detail by his paper as a whole. Although no 
explanation can be expected to be satisfactory, it remains a possibility 
among others that Mendel was deceived by some assistant who knew 
too well what was expected. This possibility is supported by independ- 
ent evidence that the data of most, if not all, of the experiments have 
been falsified so as to agree closely with Mendel’s expectations. (1936, 
p. 132) 

Fisher’s remarks show clearly how the criteria for identifying accurate 
observations had changed as the corpus of genetic knowledge had grown. 
Although geneticists were still working within a Mendelian framework, 
they had developed criteria for assessing experimental results on small 
populations (based on statistical analysis of variation in small popula- 
tions) which in retrospect made some of Mendel’s observational claims 



appear extremely unlikely. Accordingly Fisher suggests that someone had 
tampered with the results so as to ensure that they satisfied the criteria of 
accuracy which would have been assumed to apply some seventy years 
before. 

This example also shows how an apparent failure to replicate in 
accordance with current observational criteria can be easily reinterpreted 
within a given theoretical context in such a way that established views 
remain secure. By the time that Fisher’s work was carried out, the 
conclusions drawn from Mendel’s experiments were too well entrenched 
to be easily challenged — even by the demonstration that some of the 
original results were suspect. What Fisher does, therefore, is to take the 
Mendelian framework and its subsequent elaborations for granted and to 
use these interpetative resources in reconstructing Mendel’s research 
programme. He is disturbed to find that some of Mendel’s supposed 
findings appear to have been spurious. But Fisher is forced to accept this 
conclusion because, in view of the current framework of analysis, he 
knows what Mendel’s actual results must have been like. Consequently, 
he is obliged to ‘explain away’ apparent observations which do not 
conform to expectation; and he does this simply by asserting that the 
data must have been wrongly recorded. Fisher’s tentative explanation of 
Mendel’s suspiciously precise results in terms of a hypothetical assistant, 
who knew too well what was expected, illustrates with what flexibility 
scientists can reinterpret observational material in order to avoid incon- 
sistency with ‘established knowledge’. 

When we look at all closely at the observational criterion of ‘replicabil- 
ity’ we find that it is almost a mere formality. It has no content until it is 
put into practice in a particular scientific context. It can perhaps best be 
thought of as a recommendation that scientists ought to try to produce 
numerous ‘equivalent’ observations in connection with any given prob- 
lem. But replication introduces no new criteria by which experimental 
results can be judged. Nothing more is involved in replication than the 
normal procedures of interpreting findings in accordance with other 
evidence and in the light of analytical conceptions. If this illustration is at 
all representative, it seems that the kind of observational criteria 
discussed in the philosophical literature obtain their meaning from the 
theoretical or interpretative context in which they are applied. Let us 
turn, therefore, to examine the principles by which theories are thought 
to be validated. 

Numerous criteria appear to be cited by scientists in assessing relatively 
generalised or theoretical knowledge claims; criteria such as agreement 
with the evidence, simplicity, accuracy, scope, fruitfulness and elegance. 
One of the main difficulties with these principles is that they deal with 
quite different dimensions. How, then, is it possible for scientists to 
combine them in a manner which is not arbitrary and which provides the 
common criteria required by the standard view? For instance, how is the 
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requisite of accuracy to be reconciled with that of simplicity? How much 
inaccuracy will we allow in order to achieve a given level of simplicity, 
and why? Such questions are undoubtedly resolved in practice. Thus 
‘physics is filled with laws that express proportionality, such as Hooke’s 
law in elasticity or Ohm’s law in electrodynamics. In all these cases, there 
is no doubt that a non-linear relationship would describe the facts in a 
more accurate way, but one tries to get along with a linear law as much as 
possible’ (Frank, 1961, p. 14). In these instances, generalisations are 
stated in such a way that accuracy and agreement with the evidence are to 
some extent sacrificed in order to achieve a convenient level of simplicity 
and to facilitate certain kinds of mathematical computation. But the bal- 
ance between these different dimensions which is achieved in any particu- 
lar set of formulations is clearly not given by the physical world. It is rather 
a conventional arrangement which differs over time and from one group 
of scientists to another (Ravetz, 1971; Lakatos, 1976). This does not mean 
that the ways in which criteria are combined are entirely arbitrary. But it 
does mean that different procedures, and therefore different knowledge- 
claims, would be acceptable in different interpretative contexts. 

There was a time when, in physics, laws that could be expressed with- 
out using differential calculus were preferred, and in the long struggle 
between the corpuscular and the wave theories of light, the argument 
was rife that the corpuscular theory was mathematically simpler, while 
the wave theory required the solution of boundary problems of partial 
differential equations, [deemed to be] a highly complex matter. We 
note that even a purely mathematical estimation of simplicity depends 
upon the state of culture of a certain period. (Frank, 1961, p. 14) 

In short, the criteria used in evaluating theoretical claims, like those 
applied to particular observational reports, seem to vary in meaning in 
accordance with the context in which they are used. They cannot be 
regarded, therefore, as providing a means of assessing knowledge-claims 
which is independent of specific analytical commitments. 

This conclusion applies just as much to the criterion of ‘consonance 
with observation’ as to the other more obviously conventional criteria. 
There was a time when it was thought that scientific theories or 
generalisations were accepted when they could be proved to be true, that 
is, in agreement with the observable facts (Frank, 1961). Thus scientific 
knowledge-claims were seen as claims to have established the truth 
(Shepherd and Johnston, 1976). But this view has been shown to be 
inadequate in the course of the philosophical debate about induction. It is 
inadequate because, logically, it is impossible to prove any general, law- 
like proposition by means of evidence about particular instances. 
General propositions cannot be induced from a particular set of observa- 
tions with certainty, because each general proposition necessarily goes 



beyond the cases already observed, to include others about which there is 
at present no evidence. In other words, the universal generalisations of 
science must be seen as being imaginatively hypothesised, or extrapola- 
ted, from essentially incomplete sets of observations. Moreover, such 
universal propositions can never be subsequently proved, even by means 
of the most extensive and detailed series of successful predictions. For 
there can be no complete guarantee that the next test will not produce 
such disagreement between prediction and observational results that the 
universality of the proposition will have to be abandoned. (This argu- 
ment presupposes that observations are not completely determined by the 
theory they are intended to test.) 

It has therefore been suggested, particularly by Popper (1959, 1963), 
that the major criterion of theoretical adequacy in science is and should 
be the ability of a claim to withstand attempts at falsification. This 
argument seems initially plausible because, in principle, although an 
immense number of positive observations is insufficient to prove a 
generalisation, one negative observation seems enough to disprove it. 
However, this thesis would only hold in relation to isolated theoretical 
propositions which could be compared with absolutely unproblematic 
observations. As soon as we take into account that any theoretical 
proposition is linked to and depends upon others, that observation is 
itself an interpretative act and that some theoretical assumptions must be 
made in order to establish the meaning of an observation, the appealing 
simplicity of the criterion of ‘resistance to falsification’ is lost. We are 
never in a position where we can measure an isolated and simple 
theoretical statement against an unmediated natural world. Instead we 
formulate and compare complex networks of theoretical and observa- 
tional statements, and we seek to establish as consistent an account 
overall as possible of the phenomena with which we are concerned. We 
never, therefore, propose a theory in such a way ‘that Nature may shout 
NO. Rather, we propose a maze of theories, and Nature may shout 
INCONSISTENT’ (Lakatos, 1968, p. 162). The most that scientists can 
achieve, then, is a high level of consistency among the various compon- 
ents of their analytical framework. 

One clear implication of this philosophical debate is that scientific 
knowledge is inherently inconclusive. For it is impossible to move 
conclusively from reports about particular samples of things and events 
to statements about general classes of things and events (Ravetz, 1971). It 
seems to follow that, because formally valid demonstrations yielding 
certainty are unattainable in science, scientific knowledge-claims are 
assessed not for their truth but for their capacity to meet the require- 
ments of a particular interpretative context. Such contexts in science 
contain at least the two following general requirements: first, consistency 
with other knowledge-claims, which may vary in their level of generality 
and in the degree to which they are firmly established; secondly. 
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conformity to conventional standards of adequacy, for example, in 
connection with quantitative precision, rigour of argument, range of 
evidence, etc., which are regarded by the members of a research 
‘community’ to be appropriate to a given class of problems. The 
relevance of prior knowledge-claims to the assessment of subsequent 
claims has already been demonstrated sufficiently. We have also noted 
examples of variation in the conventional criteria of mathematical rigour 
and experimental accuracy. It is worth emphasising the limitations of 
these two elements as bases for assessing new knowledge-claims. Prior 
claims can give us no certainty when we use them to screen subsequent 
claims, because all scientific claims are inherently inconclusive. Criteria 
of adequacy are no more certain, for they cannot even be established by 
normal scientific procedures, that is, by means of argument based on 
controlled observation. This is partly because they are often difficult to 
make explicit, being akin to the tacit knowledge which is passed on by 
craftsmen through personal contact; a characteristic which helps to 
explain why philosophers have not succeeded in studying them in any 
detail. It also means that they are not easily subject to critical public 
evaluation via the journals. Thus, whilst criteria of scientific adequacy 
operate as resources forjudging knowledge-claims, their own ‘adequacy’ 
can only be established in a most indirect and uncertain manner (Ravetz, 
1971). 

It is important to note that an item can appear to satisfy current 
criteria of adequacy as an observational or theoretical claim and yet be 
rejected on grounds of inconsistency with established knowledge. Consis- 
tency of this latter kind is crucial in determining whether or not a 
particular claim is rejected. Nevertheless, at least in mature fields, there 
is always a close connection between the body of established knowledge 
and the criteria of adequacy used by its practitioners. The range and 
complexity of such criteria operative in any field reflect the structure of 
the interpretative scheme in use. Consequently, although it is possible to 
distinguish certain general classes of criteria, the members of any one 
class are realised in different ways in each area of research. Ravetz 
identifies two broad types of criteria of adequacy: those relating to 
processes of inference and those relating to evidence. The latter are more 
varied than the former: 

... for they control not only the conditions of the production of data 
and information but also the strength and fit of the evidence in its 
particular context. It will frequently be necessary for some of the evid- 
ence to be explained and defended explicitly; and these subsidiary 
arguments must also meet criteria of adequacy appropriate to their 
function. Thus the complexity of a solved problem is matched by that 
of the set of relevant criteria of adequacy; and that set will depend 
closely on the field of inquiry. Hence it is impossible to produce an 



explicit list of criteria of adequacy applying to a wide class of 

problems, (Ravetz, 1971, pp. 154-5) 

It follows from this analysis that criteria of adequacy will change and 
evolve as the technical culture alters in which they are embedded. ‘A 
scientific problem, unlike a textbook exercise, carries with it no guaran- 
tee that there exists a ‘ 'correct’’ solution against which those actually 
achieved can be tested’ (Ravetz, 1971, p. 149). (Although in a situation 
resembling Kuhnian normal science, the existence of such solutions may 
be assumed by participants.) Thus, any significant knowledge-claim is 
likely to entail some revision of criteria of adequacy, as well as involving 
alteration to the current theoretical framework. Let me illustrate this 
point with another example taken from radio astronomy (Edge and 
Mulkay, 1976). When the first reports of celestial radio emission were 
published in the 1930s, they were virtually ignored by physicists and by 
astronomers. There were sound reasons for this. In the first place there 
was Planck’s Law of black-body radiation, from which it could be 
inferred that radio emission from celestial objects would not be detect- 
able. Secondly, there was the apparent anomaly that the sun, despite 
being a dominant source of electro-magnetic radiation at visual wave- 
lengths, was reported to be a relatively weak source of such radiation at 
radio wavelengths. Thirdly, the early findings in radio astronomy seemed 
to show that there were effectively two separate universes: the traditional 
one made up of optically observable objects and a previously unsus- 
pected universe composed of an almost completely distinct collection of 
objects detectable only by radio techniques. As a result of these and other 
apparent anomalies, optical astronomers on the whole were unwilling to 
pay much attention to the early knowledge-claims of radio astronomers. 
These claims were too difficult to reconcile with well-established optical 
knowledge. And in addition, they did not satisfy the standards of 
precision or rigour required by the community of optical astronomers. 
Consequently it was possible for astronomers to dismiss these startling 
assertions until the evidence on which they were based was ‘adequate’, 
that is, comparable to the results of optical work. 

In the long run, of course, optical astronomers did change their 
interpretation of many celestial phenomena in response to the findings of 
radio astronomers. Theorists were the first to respond favourably; partly 
because, being less involved in observation, they were less committed to 
the criteria of adequacy governing optical observation. They were able to 
recognise that this new kind of knowledge-claim had to be judged 
initially by different, and less demanding, standards. Close collaboration 
in observational work, however, occurred very seldom until radio 
astronomers had achieved standards which approximated to the estab- 
lished criteria of optical adequacy. These latter criteria had been evolved 
within the long tradition of optical research and were appropriate for 
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current visual techniques. But they were quite inappropriate when 
applied to the crude initial observations by radio methods, at least in the 
view of radio astronomers. It is clear that the first knowledge-claims to 
be proposed by the latter were inconsistent with both the established 
astronomical framework of interpretation and the associated criteria of 
observational adequacy. For their claims to be considered, not only was 
it necessary to accept that the body of optical knowledge might need 
extensive revision, but also that the very criteria by which an astronomi- 
cal knowledge-claim could be deemed worthy of investigation might have 
to be set aside. In cases of major claims like this, it is quite misleading to 
think in terms of assessment by the application of clear and predeter- 
mined criteria. Rather the knowledge-claim, if it signifies at all, implies 
that the cultural resources available for purposes of assessment are 
themselves in need of amendment. 

Because the evaluation of scientific knowledge claims is highly com- 
plex, involving a subtle balance of tacit criteria of adequacy with 
estimates of consistency, significance and analytical import, it tends to be 
a somewhat prolonged process — except in cases where claims are univer- 
sally ignored as trivial or unanimously rejected as inconceivable. In the 
course of this process, knowledge-claims move through a sequence of 
phases, within which their content and their meaning are continually 
reinterpreted in accordance with the demands of different interpretative 
and social contexts. 

One social context through which almost all significant scientific 
knowledge-claims pass is that of evaluation on behalf of a professional 
journal. But publication in a journal in no way establishes that a claim 
has been accepted by the scientific community. The assessment carried 
out at this juncture is relatively routine. Seldom is any attempt made to 
reproduce experimental data; and complex arguments are not usually 
examined in great detail. In short, the knowledge-claim is subject at this 
stage to a fairly superficial and preliminary appraisal of adequacy, 
consistency and significance (Mulkay and Williams, 1971; Ravetz, 1971). 
However, a much more stringent selection procedure comes into opera- 
tion after the claim has become publicly available. For it is now treated 
by other researchers as a symbolic resource. At this point, each interested 
researcher asks, in effect: ‘How far does this contribution help me to 
produce “better” solutions to my own problem?' It seems that the 
answer to this question is usually negative, for the great majority of 
published reports receive little attention in the subsequent literature. 
Thus claims which are found wanting are seldom publicly refuted. They 
are usually ignored instead. A relatively small proportion of knowledge- 
claims, however, are noticed and used widely by other researchers. But 
the elements which are regarded by others as the most significant parts of 
a claim are not necessarily the same as those intended by its author; nor is 
the claim necessarily interpreted in the same way. As a knowledge-claim 
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becomes divorced from its original context, it is subject to varying 
reinterpretations even whilst remaining within one area of investigation. 

When a solved problem has been presented to the community, and new 
work is done on its basis, then the objects of investigation will neces- 
sarily change, sometimes only slightly, but sometimes drastically. In a 
retrospect on the original problem, even after a brief period of 
development, its argument will be seen as concerning objects which no 
longer exist. There is then the question of whether it can be translated 
or recast so as to relate to the newer objects descended from the 
original ones, and still be an adequate foundation for a conclusion. If 
not, then the original conclusion is rejected as dealing with non- 
objects, or as ascribing false properties to real objects. But if such a 
translation or recasting is possible, then the original solved problem is 
seen to have contained some element which is invariant with respect to 
the changes in the objects of investigation. (Ravetz, 1971, p. 189) 

It is this informal process of selection that directs the course of scientific 
development and that transforms those few formulations which with- 
stand reinterpretation and which continue to generate ‘successful’ 
conclusions into the major intellectual achievements of science (Toulmin, 
1961). 

Those select few assertions which are found to be capable of wide- 
ranging and fruitful elaboration are passed from one research area to 
another and eventually reach the scientific textbook and the historical 
record. These influential formulations are undoubtedly part of scientific 
knowledge. There is, however, no clear distinction to be made between 
those claims which contribute to knowledge and those which do not, apart 
from their interpretation and use in a particular context; for a claim 
unambiguously rejected by one research community can be treated by 
another as a valid and fundamental assertion. Mendel’s work once more 
stands as a well-known example. Furthermore, the meaning and content 
of these formulations does not remain stable. They undergo what Ravetz 
has called a ‘process of standardization’ (1971, pp. 199-208). Ravetz 
argues that a claim must be standardised if it is to become a fairly general 
component of scientific knowledge. If an assertion remains attached to 
its original problem, it will not outlive the solution of that problem. But 
in so far as it is divorced from that problem, it must be stated in some 
standard form which can be employed for various new purposes and in 
diverse scientific contexts. In this process, however, some of the original 
content is lost. Meaning is lost by translation in science as well as in 
literature. Points of obscurity and conceptual difficulties are overlooked. 
The limitations of underlying assumptions are forgotten. And the 
balance and emphasis of the original formulation are altered to meet the 
needs of new areas of application. In addition, because the knowledge. 
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technical skills and standards of adequacy of the various audiences 
involved are likely to be quite diverse, the standardised version must be 
considerably simplified. This process reaches its climax in the passage of 
certified knowledge from the research community to the school curricu- 
lum and the popular text; but these are merely the most obvious parts of 
a continuous sequence of reinterpretation and change of meaning (for an 
empirical illustration, see Gilbert, 1976a). 

... the content of a standardized fact may decay, almost without limit; 
the degree of sophistication and of faithfulness to its original which is 
necessary for its adequate performance of its function will depend very 
strongly on its use. Also, it can be seen that a version of a standardized 
fact which is good enough for one function can be quite inadequate for 
another; and since any standardized fact performs a variety of 
functions, it will naturally appear in a variety of versions. (Ravetz, 
1971, p. 202) 

The conclusions of this section can be briefly summarised as follows. 
Scientific knowledge-claims are not assessed by means of invariant, 
universal criteria. Although certain broad conceptions have been identi- 
fied in the philosophical literature as common bases for accepting or 
rejecting claims, these conceptions are necessarily interpreted by scien- 
tists in terms of particular theoretical ideas and specific analytical 
repertoires. The rules of evidence, criteria of consistency, and so on, in 
science are not rigid. They are certainly flexible enough to allow scientists 
considerable leeway in interpreting evidence so as to support well- 
entrenched assumptions. Moreover, the standards applied in the selec- 
tion of knowledge-claims are not inherent in the phenomena of the 
physical world. All claims are judged partly according to conventional 
criteria of adequacy, which vary over time and from one group or social 
context to another, and partly in terms of their consistency with an ever- 
changing interpretative framework. Any significant claim is likely to 
entail some revision of current criteria of adequacy, as well as implying 
that the established corpus of knowledge is inadequate in some way. 
Consequently, the assessment of such claims within a research specialty 
tends to occur relatively slowly, and is often characterised by marked 
opposition, as members explore the implications of the claim. The 
process of assessment is, therefore, also a process of reinterpretation. 
Similarly, reinterpretation or meaning-change occurs, in accordance with 
different criteria of adequacy and different analytical purposes, when- 
ever assertions enter another research area or move altogether outside the 
research community. In short, contrary to the standard view, it seems 
that scientific knowledge is not stable in meaning, not independent of 
social context and not certified by the application of generally agreed 
procedures of verification. 



SOCIOLOGICAL IMPLICATIONS 

In so far as the arguments presented in this chapter, and in the literature 
on which it draws, are deemed to be valid, the epistemological barrier to 
a sociological analysis of scientific knowledge has been removed; 
although many practical difficulties still remain. Sociologists of know- 
ledge treated science as beyond the scope of their analysis because it was 
thought to be a special kind of knowledge. This it clearly is in some 
respects, for instance, in the extent to which it has achieved intellectual 
supremacy in the modern world. Thus when they stressed that science 
and the scientific community were special social phenomena, thinkers 
like Durkheim and Mannheim were undoubtedly correct. But their view 
of scientific knowledge required them to place a strict limit on their 
conception of the social character of science. In the first place, they saw 
that science played an important part in modern society because the 
provision of objective knowledge had many social side-effects, not the 
least of which was the displacement of religion noted by Durkheim. 
Secondly, science was sociologically significant because scientists seemed 
not only to have devised a research method which progressively revealed 
the realities of the external world, but also to have evolved an appropri- 
ate form of social organisation which kept their knowledge exceptionally 
free from distortion by social or personal influences. It was this social 
aspect of science which particularly interested Merton. But sociological 
analysis had to stop there. Thus we find Mannheim eagerly accepting 
that the findings of physics are relative to the observer’s position in time 
and space, but drawing back from the possibility that they might in some 
sense be socially relative. Sociological analysis could not go this far, for 
science was not simply one social construction among others; it was ‘real, 
certain, indubitable and demonstrable knowledge’ of an objective world 
(Popper, 1963, p. 93). Sociology could deal either with the social 
conditions which helped to reveal (or to hide) the objective world or with 
the social consequences of objective knowledge. Sociology could say 
nothing about the form or content of scientific knowledge itself, because 
the conclusions of science were thought to be determined by the physical 
and not the social world. 

I have tried to show in this chapter that there are good grounds for 
rejecting this portrayal of science. In particular, the central assumption 
that scientific knowledge is based on a direct representation of the 
physical world has been criticised from several directions. For instance, 
factual statements have been shown to depend on speculative assump- 
tions. Observation has been shown to be guided by linguistic categories. 
And the acceptance of knowledge-claims has been shown to involve 
indeterminate and variable criteria. Scientific knowledge, then, necessar- 
ily offers an account of the physical world which is mediated through 
available cultural resources: and these resources are in no wav definitive. 
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general knowledge-claims of science, the dependence of such claims on 
the available symbolic resources all indicate that the physical world could 
be analysed perfectly adequately by means of language and presupposi- 
tions quite different from those employed in the modern scientific 
community. There is, therefore, nothing in the physical world which 
uniquely determines the conclusions of that community. It is, of course, 
self-evident that the external world exerts constraint on the conclusions 
of science. But this constraint operates through the meanings created by 
scientists in their attempts to interpret that world. These meanings, as we 
have seen, are inherently inconclusive, continually revised and partly 
dependent on the social context in which interpretation occurs. If this 
view, central to the new philosophy of science, is accepted, there is no 
alternative but to regard the products of science as social constructions 
like all other cultural products. Accordingly, there seems every reason to 
explore how far and in what ways scientific knowledge is conditioned by 
its social milieu, how change of meaning is brought about and how 
knowledge is used as a cultural resource in various kinds of social 
interaction. It is, no doubt, possible that this revised view is fundamen- 
tally wrong and its conclusions merely a result of defective philosophical 
analysis. If this is so, the attempt to explore the social construction of 
scientific knowledge will probably founder. But not to make the attempt, 
at a time when the earlier set of philosophical ideas appears clearly to be 
inadequate, is an indefensible position. 

In order to strengthen this conclusion, let me refer back briefly to part 
of the discussion in the previous chapter. There I described the crucial 
distinction made by many sociologists of knowledge between scientific 
and social/historical thought. The latter was regarded as amenable to 
sociological analysis because it had the following characteristics. All 
social thought, it was suggested, is related to a particular social context 
and undertaken from a particular, historically unique perspective. The 
knowledge gained is restricted by, and formulated in terms of, the 
observer’s necessarily limited interpretative framework. Another way of 
putting this is that the answers obtained depend on the questions posed 
and on the questioner’s presuppositions. Particular assertions can only 
be understood in the light of these background assumptions and any 
attempt to assess their validity must utilise specific rather than generally 
applicable criteria. Owing to the diversity and evolution of interpretative 
frameworks, meanings are ‘made and ever re-made’ in the course of 
social life and past contributions are continually reinterpreted. These, 
then, are the main characteristics attributed by sociologists to social 
constructions, that is, to mental products having their origin in the social 
as opposed to the physical world. They were thought to indicate that only 
socially variable knowledge of this kind was open to sociological 
analysis, because only here did participants’ socially derived perspectives 
appear to penetrate into the meaning and evaluation of particular 
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assertions. However, the similarity between this characterisation of 
social thought and the newer philosophical account of science is very 
obvious. If the revised view of science is accepted, the basis for the 
traditional disiinciion between scientific and social thought is eliminated, 
as is the exclusion of scientific knowledge from sociological interpreta- 
tion (Barnes, 1974). Of course, we would hardly expect any other 
conclusion, for one of the central claims of the revised view is that 
scientific assertions are socially created and not directly given by the 
physical world as was previously supposed. (It is not implied that there 
are no differences at all between the analysis of the physical and the 
social worlds; only that at this level of generality the distinction 
traditionally used in the sociology of knowledge no longer seems to 
apply.) 

The implications of this conclusion are considerable, for it enables us 
to ask a much wider range of questions than before about the social 
nature of science. We can ask, for example, to what extent presupposi- 
tions which are widespread in modern society have been implicit in 
scientific research and moulded its findings. We can examine exactly how 
scientists decide on the adequacy and significance of knowledge-claims, 
and whether their assessments are as disinterested as has been customar- 
ily supposed. We can study how the meaning of scientific assertions is 
reinterpreted in different social situations and whether, for instance, 
such reinterpretation can serve as a source of social power. In general, we 
can assess how far detailed sociological investigation of the social life of 
science provides support for the revised philosophical view; and we can 
explore what difference the revised view makes to our understanding of 
the social relationships involved in the creation of scientific knowledge. 
These are some of the issues which have recently begun to appear worth 
investigating. I will pursue them a little further in the chapters which 
follow, thereby taking a few tentative steps towards including science 
fully within the scope of the sociology of knowledge. 
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In this chapter I will discuss some recent sociological work on the social 
and cognitive dimensions of the scientific research community. My aim is 
to sketch the outlines of an analysis of the social production of scientific 
knowledge which is based on detailed empirical evidence and which is 
consistent with the new philosophy of science. I will also try to show that 
the analysis which begins to emerge re-establishes links between the 
sociology of science and the sociology of knowledge. This theme will be 
taken further in the final chapter. I make no claim to provide a complete 
review of the relevant literature in these two chapters. Rather, I will select 
for close attention those contributions which seem to me to be particu- 
larly important in connection with my own line of argument. 

In Chapter 1 I argued that when sociologists take for granted the 
standard view of science, they are thereby inclined towards a particular 
portrayal of the normative structure of the scientific research commun- 
ity. In the next section I will try to show that this classic portrayal of ‘the 
scientific ethos’ is inadequate and that an alternative interpretation can 
be formulated which is more consistent with the available evidence and 
which lends support to the account of scientific knowledge given in the 
last chapter. (Much of the discussion in this section is taken from 
Mulkay, 1976a.) 


THE SOCIAL RHETORIC OF SCIENCE 

As I tried to show in the opening chapter, the entire structure of moral 
and technical norms in science has been conceived as implementing what 
is taken to be the ultimate goal of science, namely, the establishment of 
objective knowledge of the physical world. Given the customary assump- 
tion that the scientific community has achieved knowledge which is 
closely and increasingly ‘isomorphic to the structure of reality’, it has 
been seen to follow necessarily that the members of that community have 
been predominantly open-minded, disinterested, impartial, independent, 
self-critical, and so on, in their intellectual endeavours. Assuming also 
that behaviour of this kind will not occur spontaneously throughout an 
intellectual community, it has seemed preferable to regard these attri- 
butes as characteristics of the community as such, that is, as norms which 
define the social expectations to which scientists are generally obliged to 
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conform in the course of their professional activities. (Readers unfamil- 
iar with these norms should consult Mitroff, 1974.) 

In order to show that conformity to these norms is an essential feature 
of modern science, those presenting this argument tend to describe the 
negative consequences of deviant acts. The central idea is that actions 
which contravene such norms will clearly distort any resulting know- 
ledge-claims. For instance, if scientists become too committed to their 
own ideas, that is, if they fail to abide by the norm of emotional 
neutrality, they will be unable to perceive when their ideas are inconsis- 
tent with reliable evidence. Similarly, if scientists adopt personal, non- 
umversalistic criteria in assessing knowledge-claims, their judgements will 
be biased and will tend to diverge from the objective realities of the 
physical world. At the same time, if secrecy and intellectual theft were to 
exist to any extent in science and the norm of communality ceased to be 
an effective guide for social action, then it seems likely that the smooth 
and impartial extension of certified knowledge would be disrupted. As 
long as one remains within the epistemological framework of the 
standard view of science, it is not difficult to find reasons why departure 
from any of the normative principles listed above will tend to interfere 
with the creation of valid knowledge about the empirical world. Thus 
from this perspective the normative structure is the crucial feature of the 
scientific community. The norms of science are seen as prescribing that 
scientists should be detached, uncommitted, impersonal, self-critical and 
open-minded in their attempts to gather and interpret objective evidence 
about the natural world. It is assumed that considerable conformity to 
these norms is maintained; and the institutionalisation of these norms is 
seen as accounting for that rapid accumulation of reliable knowledge 
which has been the unique achievement of the modern scientific com- 
munity. 

The standard philosophical view of science favours the assumption 
that once certain major sources of distortion have been removed, it is 
fairly easy to recognise by means of systematic observation the empirical 
regularities of the external world. Accordingly, most of the normative 
principles postulated by sociologists have been conceived as minimising 
the impact of potential sources of distortion. This is one reason why the 
exposition of these norms tends to take the negative form outlined in the 
preceding paragraph; the necessity of conformity to the norms is 
demonstrated by showing that if scientists are not disinterested, humble, 
emotionally neutral, intellectually independent, etc., their perception and 
their judgement of reality will suffer. Thus the normative structure of 
science is seen as ensuring, as far as is humanly possible, that the external 
world is allowed ‘to speak for itself’. The newer philosophy of science, 
however, provides much weaker grounds for inferring that scientists 
must abide by this set of norms. From the newer philosophical perspect- 
ive the physical world is not so much revealed as socially and intellectually 
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constructed. Take the principle of emotional neutrality, for example. 
Recent philosophical analysis stresses, not simply that complete neutral- 
ity is impossible, but that considerable commitment is necessary before 
even the simplest kind of observational work can begin. Moreover, as 
researchers probe their chosen phenomena in greater depth and detail, so 
their reliance on unexamined assumptions is likely to increase. At the 
same time, it follows from the newer philosophy of science that 
normative principles will acquire some of their meaning from the 
intellectual context in which they are implemented, that is, in part from 
members’ specific scientific commitments. What is to count as emotional 
neutrality, impartiality or disinterestedness may well vary in line with 
scientists’ research skills and interpretative frameworks. For example, 
scientist A may object that scientist B did not act in a disinterested 
fashion when he failed to recognise or cite A’s work. But B may respond 
by claiming that he ignored that work, not out of any intent to gain an 
advantage over A, but because it was fundamentally misconceived and 
could only serve to confuse and mislead other researchers less well 
informed than himself. 

To some unknown degree, therefore, the meaning to participants of 
these normative principles may depend on intellectual commitments and 
may be socially variable within science. This is likely to be particularly 
true of the principle of universalism, so central to the established 
sociological interpetation, according to which scientists are expected to 
judge knowledge-claims by means of impersonal, pre-established 
criteria. For if, as appears often to be the case, available criteria are 
unclear, or not easily applicable to particular instances, or different 
persons are using different criteria, it seems impossible for scientists to 
employ this principle in practice; even though, once reasonable consen- 
sus has been achieved, scientists may be able to formulate ex post facto 
the criteria which they have finally agreed are appropriate to a particular 
body of knowledge. In other words, the sociological notion of ‘universal- 
ism’ presupposes that technical criteria are generally available in science, 
in such a way that firm, impersonal judgements can be made with respect 
to most knowledge-claims and, thereby, with respect to the rewards and 
facilities which scientists deserve. The newer philosophy of science, 
however, by emphasising that the establishment of scientific knowledge 
is a creative process in which prior standards are frequently modified and 
new social meanings created, makes this presupposition questionable. 

The general point that I wish to make is that the revised philosophical 
account of science, unlike the standard view, does not lead obviously and 
directly to the customary characterisation of the scientific ethos accepted 
for many years by sociologists. From the newer philosophical perspective 
there is no value in identifying a set of social norms which is designed to 
minimise distortion; partly because science is not conceived as an 
enterprise concerned with the definitive representation of reality, but also 



66 Science and the Sociology of Kno w ledge 

because it would be assumed that the meaning of normative principles 
would vary in accordance with changes in interpretative context. Accord- 
ingly, if we wished to formulate a set of scientific norms within the new 
framework of philosophical assumptions, these norms would undoubt- 
edly be significantly different in form and content from those used in the 
past. I do not, however, intend to do this. For there are good grounds for 
revising much more radically the whole idea of normative regulation in 
science. By following this line of thought we will arrive at an account of 
the cultural resources of science which is not only consistent with the 
philosophical position outlined above, but which will also help to bring 
science firmly within the scope of the sociology of knowledge. 

In recent years, there has been some criticism of the original analysis of 
the scientific ethos. One reason for such criticism is that detailed study by 
historians and sociologists has shown that in practice scientists deviate 
from some at least of these supposed norms with a frequency which is 
remarkable if we presume that the latter are firmly institutionalised. 
Another reason is that none of the empirical studies designed to discover 
how far samples of scientists express agreement with verbal formulations 
of the norms has produced evidence of any strong general commitment 
(Mulkay, 1969; but see also Storer, 1973). One response to findings such 
as these is to argue that the central normative element in science is 
furnished, not by this set of social norms, but by the scientific frame- 
works and technical procedures in terms of which the research commun- 
ity is internally differentiated. But this is not the only possible response. 
For we can argue that the original set of social norms was not so much 
wrong as incomplete. Merton, for example, has tried to account for the 
very considerable deviation from these norms by introducing the notion 
of ‘counter-norm’ (1973, ch, 18). Science he suggests, like other social 
institutions, does not employ a single set of compatible norms, but rather 
a series of conflicting pairs of norms. This response has been explored 
much more fully by Mitroff (1974), in the course of a detailed study of 
‘moon scientists’. 

One of the important merits of Mitroff’ s study is that it provides a 
great deal of first-hand empirical material. In particular, it contains a 
large number of quotations from practising scientists. This means, not 
only that his own argument is exceptionally well documented, but also 
that it is possible to an unusual degree for the reader to extend Mitroff’s 
own interpretation of his data. Mitroff shows, first of all, that the 
scientists in his sample do sometimes use variants of the norms described 
above, as standards for judging the actions of their fellows and as 
prescriptions about how researchers ought to behave. But the over- 
whelming import of his evidence is that, in addition, there exists in 
science an exactly opposite set of formulations and that conformity to 
these alternative formulations can also be interpreted, by participants as 
well as by observers, as being essential to the furtherance of science. 
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Let me give just a few examples. 

Mitroff suggests that the norm of emotional neutrality is countered by 
a norm of emotional commitment. Thus many of the scientists studied by 
him said that strong, even ‘unreasonable’, commitment to one’s ideas 
was necessary in science, because without it researchers would be unable 
to bring to fruition lengthy and laborious projects or to withstand the 
disappointments which inevitably attend the exploration of a recalcitrant 
empirical world. Similarly, the norm of universalism appears to be 
balanced by a norm of particularism. Scientists frequently regard it as 
perfectly acceptable to judge knowledge-claims on the basis of personal 
criteria. Instead of subjecting all research reports in their topic area to 
impersonal scrutiny, scientists regularly select out of the literature the 
findings of those colleagues whose work, for one reason or another, they 
have come to regard as reliable. In other words, scientists often regard it 
as proper to judge the man rather than the knowledge-claim. Once again, 
the counter-norm can be seen as functional, on the grounds that it saves 
researchers’ time and effort, speeds up the rate at which research 
develops, yet at the same time ensures that greater weight is given in 
general to the judgement of those scientists who are perceived by their 
colleagues to be ‘more able’ or ‘more experienced’ . 

Let me give one more example. Mitroff produces evidence to show that 
the ideal of common ownership of knowledge is balanced by a norm in 
favour of secrecy. He also suggests that secrecy, far from hindering the 
advance of science, actually contributes to this objective in several ways. 
In the first place, by keeping their results secret, researchers are able to 
avoid disruptive priority disputes. Secondly, attempts by others to steal 
or appropriate a scientist’s work serve to confirm the significance of that 
work and to motivate him to continue his efforts. Thirdly, by keeping 
their findings from others, scientists are able to make sure that their 
results are reliable without jeopardising their own priority and, thereby, 
without undermining their enthusiasm for further research. Various 
supplementary arguments of this kind supporting each ‘norm’ are 
available to scientists as well as to the sociological analyst. 

Mitroff’s central argument, then, is that there is not one set of norms 
in science but at least two sets. The first set has been more or less 
accurately identified by those working in the functionalist tradition. But 
to describe the ethos of science in terms of this first set alone is to 
produce an account of science which is quite misleading; for each of the 
initial set of norms is matched by an opposing principle which justifies 
and prescribes actions in complete opposition. Thus common access to 
information is not an unrestricted ideal in science; it is balanced by rules 
in favour of secrecy. Intellectual detachment is often regarded as 
important by scientists; but no more so than strong commitment. 
Rational reflection is seen as essential; but so are irrationality and free- 
ranging imagination; and so on. In Mitroff’s view, the empirical evidence 
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which he has produced requires us to conceive of the scientific commun- 
ity as governed by these two major sets of norms and to interpret the 
dynamics of this community in terms of the complex interplay between 
these normative structures. 

There can be little doubt that this evidence prevents us from accepting 
the initial set of norms alone as the normative structure of science (see 
also Blissett, 1972). However, I wish to argue that there are no 
compelling reasons for regarding either set of formulations or the two 
sets combined as providing the rules governing social life in science. This 
becomes clear as soon as we look more closely at the kind of evidence 
which is being adduced. Mitroff rightly criticises the procedure of 
extracting norms of science from the ‘highly select writings of the rare, 
great scientists’. He suggests that we should derive ‘the institutional 
norms of science’ not only from the idealised attitudes of great scientists, 
but also from the messy behaviour and complicated attitudes found 
throughout the scientific community at large (1974, p. 15). He then 
proceeds to formulate his counter-norms by selecting out certain descrip- 
tive and prescriptive statements made by participants which appear to 
contradict the original set of norms. It is clear, therefore, that both sets 
of formulations are used by scientists to describe and to judge their own 
actions and those of their colleagues and to prescribe correct professional 
behaviour. But the mere use by participants of these verbal formulations 
does not demonstrate that they are the ‘institutional norms’ of science. 

Social norms can be regarded as institutionalised when deviance is 
penalised and when conformity is regularly rewarded. Clearly the kind of 
analysis we have been considering so far assumes that norms and/or 
counter-norms are institutionalised in this sense; for otherwise it would 
be difficult to see them as making essential contributions to the extension 
of certified knowledge and to the progress of science. It is assumed, as 
Storer puts it, that there is an efficient ‘internal police system’ in science 
(1966, p. 85). However, when we examine the considerable literature on 
the allocation of professional rewards and the dynamics of social control 
in science, we find little indication that receipt of such rewards is in 
practice conditional on scientists’ having conformed to the supposed 
norms or to the putative counter-norms in the course of their research. 

The allocation of institutional rewards in science is closely associated 
with the system of formal communication. Scientists convey to their 
colleagues information which they believe to be interesting and reliable 
by means of the professional journals. Although there is also a consider- 
able informal exchange of information, scientists are able to establish a 
conclusive claim to the credit for a particular contribution only by 
publishing it formally under their own names (Merton, 1973). In return 
for information which is judged to be of value, scientists receive 
professional recognition in various forms and are thereby able to build 
up a personal reputation, which can in turn be used to obtain other scarce 



resources such as students, research funds and academic promotion 
(Gilbert, 1977a). Perhaps the most important feature of this system, in 
the present context, is that the main medium of formal communication, 
the research paper, is written in a strict conventional style which 
concentrates attention on technical issues. Accordingly, references to the 
opinions, interests or character of the author are rigorously excluded. 
The report is typically written in the passive, so that allusions to the 
actions and choices of the author do not occur. The effect of such devices 
is to produce an aura of anonymity, so that the research becomes 
‘anyone's’ research (Gilbert, 1976a). 

There are, then, well-established norms governing the style of formal 
communication in science. But these must not be mistaken for norms 
which regulate the social dynamics of research in general. As Medawar 
has pointed out, the impersonal conventions of the research paper not 
only ‘conceal but actively misrepresent’ (1969, p. 169) the complex and 
diverse processes involved in the production and legitimation of scientific 
findings. This divergence between the formal procedures of communica- 
tion and the actual social relationships involved in research exists partly 
because the rules governing the formulation of research reports make it 
virtually impossible for scientists to pass moral judgements, on the basis 
of published findings alone, about the author of a report. Thus their 
response to a published report and their allocation of recognition to its 
author, in the absence of other information about the author, cannot be 
influenced by the latter’s conformity whilst carrying out his research to 
any particular set of social norms. In short, the conventional form of the 
scientific paper, which eliminates any reference to authors’ conduct in 
carrying out their research, actually works to prevent scientists from 
allocating rewards in accordance with contributors’ conformity to or 
departure from any particular code of ethics. Of course, as Mitroff 
demonstrates, scientists who are in informal contact do regularly make 
moral judgements of their fellows along at least two major dimensions. As 
we shall see later, these informal judgements may well affect the way in 
which scientists respond to others’ results and may accordingly influence 
the allocation of rewards. However, in the course of informal inter- 
action, participants can choose freely from either set of norms. There is, 
therefore, no reason to expect that these informal processes will produce 
general conformity to either one of these opposing normative orders. 
Thus, it is not surprising to find that detailed empirical study has 
revealed no clear connection between conformity to any particular set of 
social norms and the receipt of professional rewards (Cole and Cole, 
1973). 

It appears, then, that conformity to most of the supposed norms and 
counter-norms of science is largely irrelevant to the institutional proces- 
ses whereby rewards are distributed. Researchers are simply rewarded for 
communicating information which their colleagues deem to be useful in 
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the pursuit of their own studies. There are no institutional mechanisms 
for rewarding in any direct way conformity to either set of social norms; 
nor is it possible to show that the provision of acceptable information 
presupposes the implementation of either set, for, as Mitroff demon- 
strates, both contradictory sets can be interpreted as being thus presup- 
posed. But if the ‘norms’ and ‘counter-norms’ described in the sociologi- 
cal literature are not elements in an institutionalised normative structure, 
how are we to interpret the evidence presented by Merton, Mitroff and 
others? One answer to this question has already been suggested, that is, 
they are undoubtedly relatively standardised verbal formulations which 
are used by participants to describe the actions of scientists, to assess or 
evaluate such actions and to prescribe acceptable or permissible kinds of 
social action. But standardised formulations of an evaluative kind never 
govern social interaction in any straightforward fashion. This point has 
been made strongly by Gouldner: 

. . . moral rules are not given automatic and mechanical conformity 
simply because they, in some sense, ‘exist’ . . . conformity is not so 
much given as negotiated . . . The rule thus serves as a vehicle through 
which . . . tension is expressed . . . there is usually more than one rule in 
a moral code that can be claimed to be relevant to a decision and in 
terms of which it may be legitimated. A central factor influencing 
one’s choice of a specific rule to govern a decision is its expected 
consequences for the functional autonomy of the part . . . What one 
conceives to be moral, tends to vary with one’s interests. (1971, pp. 
217-18) 

F 

The relevance to science of the general argument summarised in this 
quotation can be illustrated by referring once again to the discovery of 
pulsars. When the first paper on pulsars was published in 1968 by the 
radio astronomy group at Cambridge, there were numerous accusations 
of secrecy from members of groups in competition with the astronomers 
at Cambridge. It was said that the Cambridge group had unduly delayed 
publication; that they published insufficient data to allow other groups 
to undertake supplementary research; that they should have passed on 
their results before publication to close colleagues in neighbouring 
laboratories; that their secrecy prevented them from obtaining valuable 
advice from others; and that their action tended to impede the advance of 
science. Members of the Cambridge group, however, were able to 
provide various principles justifying their actions. In the first place, it 
was claimed that it was perfectly legitimate generally to avoid passing on 
information which could lead to anticipation by others. Secondly, 
secrecy was justified on the grounds that it gave researchers time to check 
their results and to publish high-quality work, thereby ensuring the 
smooth development of scientific knowledge. Thirdly, it was said to be 
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legitimate to make sure that important results improved the reputation of 
one’s own group and its ability to obtain research funds. Fourthly, it was 
also said that scientists had the right to protect the first achievement of a 
young research student or the right of observers to have the first attempt 
at interpreting their own findings. Fifthly, it was said that steps had to be 
taken, in the particular case of pulsars, to prevent the press from 
misrepresenting this remarkable discovery. As we would expect in view 
of this confusing variety of diffuse and overlapping rules, some partici- 
pants denied that there had been any undue delay in making public the 
first observations of pulsars. 

In the original sociological study from which this material is taken, the 
conclusions about the operating principles relevant to the communica- 
tion of research results are summarised as follows. 

There does not appear, however, to be a general commitment to these 
principles; nor are there clear procedural rules governing the commu- 
nication of results. As a result, misunderstanding and resentment are 
sometimes produced by what are variously regarded as secrecy or as 
legitimate control over the circulation of scientific information. (Edge 
and Mulkay, 1976, p. 250) 

It is worth noting in connection with the argument above that conformity 
to social norms is irrelevant to the receipt of rewards, that despite the 
heated differences of opinion at the time of the pulsar discovery about the 
propriety of the actions of the Cambridge group, six years later two of its 
members received a Nobel Prize based in large part on this discovery. 

In science, then, we have a complex moral language which appears to 
focus on certain recurrent themes or issues; for instance, on procedures 
of communication, the place of rationality, the importance of impartial- 
ity and of commitment, and so on. But if the example described 
immediately above is representative and if the preceding argument is 
correct, then no particular solutions to the problems raised by these 
issues for participants are firmly institutionalised. Instead, the standard- 
ised verbal formulations to be found in the scientific community provide 
a repertoire or vocabulary which scientists can use flexibly to categorise 
professional actions differently in various social contexts. A major 
influence upon scientists’ choice of one verbal formulation rather than 
another, as Gouldner notes, is likely to be their interests or objectives. It 
can be assumed that, for a given scientist or group of scientists, these 
interests will vary from one social context to another. Thus, in the 
example given above, when researchers were frustrated by the apparent 
reluctance of others to make significant findings available to them, they 
tended to select principles favouring communality which justified their 
condemnation of the others’ behaviour and added weight to their own 
exhortations. In contrast, those scientists who had made the discovery 
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were able to find principles in favour of personal ownership of results. In 
different circumstances, a person’s or a group’s choice of rules can be 
entirely reversed. Not only is it possible to vary one’s choice of 
formulations as one attempts to identify the evaluative characteristics of 
different acts, but it is also possible to apply different formulations to the 
same act as one’s social context changes. For instance, it is possible to 
‘justify’ keeping certain results secret on the grounds that to do otherwise 
would jeopardise a graduate student’s first efforts; and then subse- 
quently, when recognition or prizes are being allocated, to maintain that 
in this context the student’s contribution should be regarded as unimpor- 
tant. 

It must not be imagined for one moment that I am in any way accusing 
scientists of bad faith or of being less moral than other social groupings. 
I am simply arguing that within the relatively distinct community 
concerned with scientific research, as indeed in most areas of social life, 
interaction cannot be adequately depicted as expressing any one or more 
sets of institutionalised normative principles or operative rules deriving 
from such principles. It seems more appropriate to portray the ‘norms of 
science’, not as defining clear social obligations to which scientists 
generally conform, but as flexible vocabularies employed by participants 
in their attempts to negotiate suitable meanings for their own and others’ 
acts in various social contexts. The details of these social dynamics in 
science are not yet well understood. For instance, it may be that the 
ability to control others’ access to valued information may increase 
scientists’ capacity to gain acceptance for their preferred categorisations. 
This may have been true to some extent in the case of pulsars. But until we 
move away from the traditional account of the scientific ethos it is hardly 
possible to conceive that such exercise of power plays any significant part 
in the scientific community. There has, therefore, been little investigation 
of phenomena of this kind. Nevertheless, although analysis of the 
negotiation of social categories in science is still in its infancy (Law, 
1976), what is clear is that it is highly misleading to regard the diffuse 
repertoire of standardised verbal formulations as the normative structure 
of science or to maintain that it contributes in any direct way to the 
advance of scientific knowledge. 

This last point returns us to the discussion with which this section 
began. In abandoning the customary characterisation of the scientific 
ethos, we have removed any apparent inconsistency between the socio- 
logical analysis of scientific norms and the philosophical analysis of 
scientific knowledge. But this leaves an appreciable gap in the sociologi- 
cal interpretation of science. For the traditional conception of the 
scientific ethos, although it avoided any close examination of scientific 
knowledge itself, did at least provide some kind of general account of the 
latter’s genesis: namely, as the necessary by-product of widespread 
conformity to the supposed norms of science. Clearly, then, as this view 
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of the social origins of scientific knowledge must be rejected along with 
the traditional idea of the scientific ethos, an alternative sociological 
analysis of the production of scientific knowledge is needed. In the next 
section, I will examine a number of recent case studies of scientific 
development which draw attention to features quite unlike those assumed 
in orthodox sociological analysis and much closer to the conclusions of 
the new philosophy of science. I have no intention, however, of 
attempting to provide a complete, formal analysis of the social produc- 
tion of scientific knowledge. 

« 

THE DYNAMICS OF KNOWLEDGE-PRODUCTION 

When we examine the overall growth of modern science one thing stands 
out clearly, namely, that there has been a continuous creation of new 
areas of investigation and new realms of knowledge (Price, 1963). In the 
seventeenth century, the entire physical world fell within the scope of 
‘natural philosophy’; and one man could encompass in his studies the 
full range of available knowledge. By the end of the nineteenth century 
this had become quite impossible. Knowledge of the natural world had 
become much more extensive as well as more detailed and complex 
(Mason, 1962); and the major scientific disciplines had crystallised into 
more or less distinct intellectual domains, each of which was separately 
established in the centres of higher learning with control over profes- 
sional training and over access to its own area of knowledge. This process 
of intellectual and social differentiation has continued up to the present 
day; so that now each discipline is further sub-divided into many 
specialties. Each of these specialties is composed, in turn, of numerous 
specific areas of research, most of which deal with phenomena unknown 
a generation before. It is true that some of the most well-known advances 
in scientific thought have not involved differentiation so much as the 
reconceptualisation of existing bodies of knowledge (Kuhn, 1962). 
Nevertheless, to a very considerable extent, scientific knowledge has 
developed by the identification and detailed investigation of phenomena 
which have not been known to exist previously or which have not been 
studied before in any depth. The typical pattern of growth, then, in 
science is not the revolutionary overthrow of an entrenched orthodoxy, 
but the creation and exploration of a new area of ignorance (Holton, 
1973, ch. 12). Within many such areas there occurs a gradual movement 
through three discernible, although overlapping, stag«; that is, from an 
initial phase of exploration, through a stage of unification and into a final 
period of decline (Mulkay, Gilbert and Woolgar, 1975). Although this 
sequence is by no means inevitable (Law, 1976), it is characteristic of 
most areas where consensus, and therefore certified knowledge, is 
actually achieved. 

If we are to understand how scientific knowledge is socially produced, 
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there are advantages in concentrating particularly on the early stages in 
the recurrent movement towards intellectual consensus in science. Collins 
elucidates this point with the help of an analogy. 

When we consider the grounds of knowledge, we do it within an 
environment filled with objects of knowledge which are already estab- 
lished. To speak figuratively, it is as though epistemologists are con- 
cerned with the characteristics of ships (knowledge) in bottles (validity) 
while living in a world where all ships are already in bottles with the 
glue dried and the strings cut. A ship within a bottle is a natural object 
in this world, and because there is no way to reverse the process, it is not 
easy to accept that the ship was ever just a bundle of sticks. Most 
perceptions of the grounds of knowledge are structured in ways 
derived from this perspective. (1975, p. 205) 

Collins goes on to argue that in the study of science we can to some extent 
escape from this predicament, because we can identify fairly easily those 
scientists working on a common problem and we can therefore examine 
contemporary scientific developments as they proceed. I intend now to 
look at some of Collins’s empirical material, as well as other recent 
sociological work, in order to see what is revealed by close study of the 
social production of scientific knowledge. It will become evident that the 
conclusions reached in these studies help to extend the argument 
developed in the preceding section. 

Collins’s first study (1974) is of a social network of scientists con- 
cerned with building a special kind of laser called a ‘TEA laser’. This 
network was exploring a new area in the sense that, although various 
kinds of lasers had been built before so that general notions were 
available of what lasers in general ought to do, this particular form of 
laser had only recently been made operational. In 1970 an effective TEA 
laser was reported in the literature for the first time and numerous groups 
began to try to produce their own versions. At the time of the study some 
had succeeded and some had not. Collins concentrates on the transmis- 
sion of information among these groups. His central finding is that even 
those scientists who had actually produced a working laser were unable 
to make fully explicit the knowledge which was required. In many cases, 
of course, scientists were simply unwilling to formulate their technical 
knowledge openly. They preferred not to pass on all that they knew, 
because to have done so would have reduced their competitive advan- 
tage. But there were also cases where participants whose lasers were 
operative seemed to be unable to convey their knowledge to others. Thus 
one scientist would help another to build a machine which seemed to 
both parties to be identical with his own successful laser, only to find that 
inexplicably it failed to work. Furthermore, no group managed to 
produce an operating laser on the basis of formal published information 
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alone. Success always depended on direct personal contact. These 
contacts often had to be repeated many times until, unpredictably, the 
laser could be deemed to be operating properly (Collins and Harrison, 
1975). Collins suggests that personal contact was essential because only 
through direct interaction could scientists communicate the tacit and 
unformalised knowledge on which their work depended. 

It seems, therefore, that in this area at this early stage it was impossible 
for participants to know whether a scientist had absorbed the required 
knowledge except through his successful interaction with other special- 
ists. Members’ scientific competence and compliance with technical 
standards could not be judged fully by the application of pre-established, 
formal criteria; but only by ex post facto negotiation with those other 
participants who were already regarded as competent judges. An interest- 
ing question here is whether this network’s reliance on informal processes 
and tacit knowledge would have been less visible, without necessarily 
being less important, at a later stage when all interested groups had an 
operative laser, and what looked like a set of ‘principles of construction’ 
had been ostensibly agreed. It may well be that at this later stage both 
participants and analyst would have been much more likely to portray 
the construction of TEA lasers as due to the implementation of an 
unambiguous series of specifiable instructions. But this is speculation. 
Collins emphasises only that it seems inappropriate to describe partici- 
pants at the time of his study in the traditional sociological manner as 
carriers of independent, impersonal knowledge. ‘The point is that the 
unit of knowledge cannot be abstracted from the “carrier”. The 
scientist, his culture and skill are an integral part of what is known’ 
(1974, p. 183). The tacit and personal character of much scientific 
knowledge and the social negotiation of what is to count as valid 
knowledge are examined further in Collins’s study of research into 
gravitational waves (1975). 

It is only recently that the phenomenon of gravitational waves has 
received more than passing scientific attention. Up to about 1969 only 
one scientist had tried to detect this form of cosmic radiation. However, 
after this man published a formal claim to have observed gravitational 
waves, numerous other scientists quickly entered the field and devised 
their own observational equipment. There was fairly complete agreement 
among participants in this field on certain general points. Most of them 
agreed, for example, that gravitational waves are predicted by Einstein’s 
general theory and that certain catastrophic astrophysical events should 
release such waves. There was also broad agreement about the kind of 
observational apparatus required and about the classical physics which 
underlies these experimental tools. In addition, all participants appeared 
to endorse similar general criteria of validity; for example, they agreed 
on the need for controlled experiment and for theoretical interpretation 
which was consistent with the experimental evidence. This seems, then. 
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to have been normal science, that is, an attempt to fill in the details of a 
well-established paradigm by means of conventional observational 
methods. Yet, Collins stresses, the work involved was in no way routine, 
for most participants were fundamentally uncertain about how the 
existence of gravitational waves could be demonstrated and the network 
was deeply divided about the meaning of its members’ experimental 
results. Thus neither established knowledge nor formal criteria provided 
any unambiguous means of distinguishing valid from invalid claims. 
Both these kinds of cultural resources were interpreted in diverse ways 
when applied to the new case of gravitational waves. 

Collins is particularly concerned to counter what might seem to be the 
obvious interpretation of the activities of scientists in this field, namely, 
that they were engaged in straightforward replication or refutation of the 
original claimant’s results. The difficulty with this interpretation is that, 
in practice, replication or disproof can only be achieved when there is 
considerable agreement about the meaning of observations, the adequacy 
of experimental procedures, and so on. For replication to occur, 
participants must be able to decide what are to count as equivalent and 
reliable observations. Much of the research on TEA lasers is fairly close 
to the usual conception of replication because, in this case, there was a 
criterion against which success or failure could be measured and there 
were ‘competent judges’ with whom agreed definitions of ‘success’ and 
‘failure’ could be reached; although even here the criterion was difficult 
to specify and its application was a matter for negotiation. But neither 
agreed criteria nor competent judges were available in the case of 
gravitational waves. 

Collins produces a variety of evidence to demonstrate that there was 
no common assessment of the experimental procedures or results of any 
of the members of this network. What one scientist viewed as interesting, 
another dismissed as unimpressive and a third violently rejected as 
outright fraud. Accordingly, nobody was at all interested in attempting 
to repeat in detail the original experiment which had provided the 
impetus for further research in the area. There was no point either in 
duplicating or in failing to obtain a result which had no scientific 
meaning. Thus participants were more directly concerned with devising 
some new kind of observation which they thought had a better chance of 
being recognised as a ‘competent measure of gravitational waves’. 

Although most participants clearly thought of themselves as engaged 
in checking in some way the original knowledge-claim as well as 
subsequent findings on gravitational waves, Collins suggests that they 
did this indirectly by entering into ‘negotiations about the meaning of a 
competent experiment’ (1975, p. 216). Because there was such a variety 
of scientific opinion in the field, members’ primary concern was to 
establish what should count as a ‘working gravity wave detector’. If they 
were to succeed in doing this, Collins points out, they would provide an 
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effective interpretation of the phenomenon of gravity waves. This can be 
illustrated by the simple example of experiments on heat. Because there is 
general agreement about the nature of heat, a great variety of super- 
ficially different activities are seen by scientists as being equivalent in that 
they are all 'competent temperature measuring experiments’. In treating 
different measures as equivalent, for example, dipping a glass tube filled 
with mercury or two metals linked by a voltameter into a liquid, scientists 
are drawing on their knowledge about the characteristics of heat; and the 
complete set of equivalent activities goes some way towards defining the 
nature of heat. Furthermore, if some experiments and measures which 
are now excluded from the class of 'competent experiments’ were to be 
included, it would follow that the accepted properties of heat would have 
changed (Collins, 1975, p. 217). In the case of temperature measurement, 
and to a lesser extent laser building, the technical culture is sufficiently 
well established for participants to distinguish competent from incom- 
petent work and valid measures from invalid measures with (compara- 
tive) ease. But this was not so in the case of research on gravity waves. 
Thus as researchers in this latter field negotiated agreement about which 
experiments were to be regarded as competent and equivalent, they were 
defining the nature of their problematic empirical phenomenon and 
creating a distinctive region of scientific culture. 

Collins pays little attention to clarifying in detail the form that 
negotiation takes in this field. But the picture seems to be roughly as 
follows. Participants bring to the study of gravitational waves certain 
general assumptions which they appear to share. As we have seen, these 
include such varied interpretative resources as Einsteinian theory and 
belief in experimental methods. These resources are brought to bear on 
the largely unexplored phenomenon of gravitational waves; but they 
yield no unique or unambiguous interpretation. Participants do have 
enough in common to concentrate on a limited range of empirical 
variables which they are able to see as related, as being members of the 
same set. But Collins shows that these variables are employed selectively 
and interpreted differently in arguments favouring different knowledge- 
claims. What one participant takes as given, another takes as proble- 
matic and even as undermining the adequacy of the other’s claim. 

Thus each experimenter (or research group) uses the available technical 
culture and his own expertise in a flexible manner to reveal the 
inadequacies of others’ findings and to support his own claims. Further- 
more, those involved seem not to distinguish clearly between technical 
and non-technical criteria of evaluation (see also Bourdieu, 1975). For 
judgements about the merit of knowledge-claims are said by participants 
to depend also on personal considerations such as one’s faith in an 
experimenter’s capabilities and honesty, one’s views about his personal- 
ity and intelligence, his reputation, social location and psychological 
approach, one’s access to ‘inside information’, and so on. 
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Of course, as we saw in the previous section, it is unlikely that these 
verbal formulations determine scientists’ technical assessments in any 
strong sense. It is more probable that they are a way of strengthening the 
presentation of an evaluation already conceived. However, the same 
point seems to apply equally to the use of scientific and technical 
formulations (see also Bloor, 1976). Both the social and the technical 
culture of science appear to provide members with flexible symbolic 
resources which can be, and are, combined to devise a considerable 
variety of interpretative positions in connection with a common research 
problem. Scientists do have a social and technical culture which provides 
something like a shared context in this area of research. Thus certain 
unorthodox notions, such as the existence of a ‘fifth physical force’ or 
the operation of psychic forces, although sometimes used informally to 
explain particularly difficult results, were seldom allowed into the public 
forum. They were not part of the accepted repertoire. But the precise 
meaning of the orthodox cultural repertoire has to be established anew in 
this emergent field by processes of symbolic interpretation and negotia- 
tion. As Collins puts it, quoting from McHugh: any consensus which 
ensues ‘is conceivable only as a socially organised upshot of contingent 
courses of linguistic, conceptual and social behaviour’ (1971, p. 329). 

One of the important merits of Collins’s work is its use of contem- 
porary data. He provides us with an unusual view of science by recording 
what happens informally, before a firm scientific interpretation has been 
accepted and before an established body of knowledge has come to 
appear to be the only rational possibility (see also Kemp, 1977). Several 
other recent studies, despite being retrospective rather than contem- 
porary, have reached similar conclusions. Such retrospective studies have 
one major advantage over Collins’s work, namely, they can more easily 
follow the process of negotiation through its full sequence. They can, 
therefore, examine how consensus is achieved, maintained and some- 
times abandoned. Gilbert’s study (1976b) of radar meteor research, for 
instance, shows how consensus emerged with respect to a major issue (the 
origin of sporadic meteors), even though central participants both for 
and against this consensus seemed at the time to regard the available 
scientific evidence as incomplete or inconclusive. In other words, the 
attainment of consensus in this case was not due solely to intellectual 
considerations. In another retrospective study. Pinch (1976) looks back 
at quantum mechanics in the 1950s and is able to show how physicists 
were able to defend their established framework of interpretation against 
a threatening knowledge-claim by a highly selective employment of 
theoretical resources in different social contexts. This case, he suggests, 
supports ‘the view that scientific theories themselves are multi-dimen- 
sional and that what constitutes a theory in science is a variable and will 
mean different things to different groups of scientists’. 

A particularly well-documented study of this kind, which I will now 
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examine in some detail, is that by Wynne (1976) of Barkla and the J 
phenomenon. Wynne’s objective is to revise the prevailing account of 
‘the J phenomenon affair’ and to correct the interpretation current in the 
‘oral folklore’ of the scientific community. This latter interpretation 
depicts the dispute about the J phenomenon as being resolved in favour 
of Barkla’ s opponents by the application of impersonal rules, which are 
independent of social context and which distinguish unequivocally 
between truth and error. Wynne argues, in contrast, that the ‘scientific 
reasons’ given in the literature for rejecting Barkla’s claims are better 
conceived as a rhetoric seeking to justify a rejection based on other 
considerations. These other considerations, he suggests, include social 
factors and point towards ‘a different version of scientific rationality and 
knowledge’ (1976, p. 308). 

There are two distinct phases in the history of the J phenomenon. In 
the first phase, between 1912 and 1923, the eminent physicist Barkla 
proposed a theory to explain a new set of X-ray emissions, the ‘J 
radiations’, emanating from the electrons of a specific ‘shell’ or series in 
the atom. This theory was formulated in terms of the ‘classical’ 
interpretation of X-ray scattering and initially it was widely accepted. By 
the early 1920s, however, observational anomalies had begun to appear. 
In particular, physicists using the increasingly popular spectrometer, 
which had been widely adopted because of its precision and the vast 
amount of experimental work which it opened up, failed to confirm 
Barkla’s results. This was actually to be expected from Barkla’s point of 
view; for the beams which he wished to measure were of such low 
intensity that, he reasoned, they would not be detectable by means of 
these new observational techniques. Mainly for this reason, Barkla had 
taken the unorthodox decision to use relatively ‘old-fashioned’ absorp- 
tion methods which, although they were difficult to manipulate experi- 
mentally, had the crucial advantage of being more sensitive to low- 
intensity emissions. Wynne maintains that Barkla’s unusual, but 
reasoned technical strategy was never taken fully into consideration in 
assessments of his work. Instead physicists simply used their own 
(inappropriate) ‘technical norms’ in an unself-critical manner to question 
the competence of Barkla’s research and the validity of his knowledge- 
claims. 

Before long, theoretical objections were added to these experimental 
difficulties. For in 1922 Compton proposed a new theory which, 
supported by unexpected empirical evidence and some precise and 
sophisticated calculations, shattered the classical theory of scattering. 
One major implication was that, if Compton’s theory were accepted, 
there was no room theoretically for a J series in the atom. As Compton’s 
interpretation came to attract widespread support and as opposition to 
the J series grew, Barkla undertook more absorption experiments and in 
1923 he abandoned the J series theory as a valid explanation of his 
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results. But he did not adopt Compton’s theoretical analysis. Barkla 
continued to believe that there was an observational phenomenon, the J 
phenomenon, which still required proper theoretical interpretation. 

Barkla’s repudiation of his J series theory was not an entirely negative 
move, for he had seen ‘the vague but tantalizing outline of things much 
more revolutionary’ (1976, p. 314). Accordingly, over the next decade, 
he sought to develop an alternative theoretical model which differed 
from his own initial theory and from the dominant interpretative 
framework. During this second phase his work departed more and more 
from the research tradition of mainstream physics. He continued to 
reject the use of the spectrometer and some of the scientific assumptions 
associated with that technique. He maintained that the fashionable 
research technology forced nature to fit preconceptions built into the 
design of the major instrument and that the discovery of fundamental 
results was sacrificed for highly precise routine measurements. He 
stressed that heterogeneous X-ray beams did not always behave as a 
simple linear sum of individual wavelength components (a basic premise 
of orthodox spectrometer analysis), but rather as an ‘organic whole’. In 
accordance with this concern for a more holistic approach he employed a 
scientific idiom derived in large measure from nineteenth-century natur- 
philosophie; and he continued to use an out-of-date and unpopular 
hydrodynamic metaphor, which expressed his belief in the continuity of 
nature but which was unsuitable for a physics community increasingly 
committed to quantum theory and the view that radiation is always 
emitted in discrete quantities. 

During this phase of research into the J phenomenon, a considerable 
number of papers was published by Barkla and his students. But this 
work had no impact on the development of orthodox physics, except that 
several reviews were produced in which Barkla’s claims were finally 
discredited. It is usually held that in these reviews Barkla’s work is either 
shown to be explicable in terms of Compton’s by then orthodox theory 
or to be so unsystematic and irregular as to call for straightforward 
rejection as incompetent research. The central point of Wynne’s analysis 
is that these reviews do nothing of the kind and that, in fact, there is no 
explicit refutation available of Barkla’s work which can plausibly be 
described as an impartial evaluation based on established standards of 
scientific rationality. 

In the first place the most influential review, written by Dunbar, 
appeared in 1928, some five years before Barkla finished publishing 
results. It is, therefore, difficult to accept the popular opinion that 
Dunbar finally buried the J phenomenon. Secondly, all the reviews refer 
to Barkla’s mistake over the J theory if this were in some way evidence 
of his being mistaken again about the J phenomenon. Wynne points out 
that a ‘strong claim is thus being made here against Barkla’s credibility, a 
claim that borrows little from any of the usual prescriptions for the 
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rational conduct of scientific disputes’ (1976, p. 327). Barkla is also 
criticised for being unable to identify the causal factor which triggers off 
the organic mode of action of heterogeneous X-rays as well as for 
publishing incomplete accounts of his experimental arrangements. These 
criticisms are used in a highly selective manner. For, as we saw in the case 
of laser research, it is literally impossible to provide a complete descrip- 
tion of experimental procedures and this is not usually required of 
experimentalists. Nor are observers always expected to give a causal 
explanation of their results before the latter are accepted as competent. 

In addition to these relatively general charges, most reviewers provide 
a more detailed analysis of some of Barkla’s empirical claims. But their 
conclusions at this substantive level are no more convincing. For instance 
Dunbar, although he noted that Barkla was attempting to treat complex 
radiations as organic wholes by means of appropriate techniques, used 
homogeneous beams for his ‘replications’ and thereby excluded the 
factor of heterogeneity which alone gave meaning to Barkla’s experi- 
ments. For Barkla, Dunbar’s work was not a replication of his own and 
had no bearing on the validity of his findings. For Dunbar and for most 
orthodox physicists, however, it was accepted as a clear refutation. 
Wynne also shows how Dunbar, in order to achieve his ‘refutation’ of 
Barkla’s results, was forced to reinterpret and repudiate some of his own 
earlier work which he had previously presented as being quite unequi- 
vocal and free from the possibility of error. ‘In marginal cases such as 
this, one sees what one is predisposed to see, and intepretational caution 
is cast to the winds in the tacit strategy of persuasion. But it is remarkable 
how the meaning of the old observations was changed diametrically, so 
as to support the new conclusions’ (1976, p. 328). The logic of this kind 
of argument seems to be that of interpreting both empirical results and 
general standards of adequacy in accordance with a predetermined 
conclusion, in this case the falsity of Barkla’s claims. 

There are numerous other examples given by Wynne of Barkla’s critics 
selectively interpreting data in a way that discredited their opponents’ 
views. In addition, he shows how these ‘empirical refutations’ were given 
added force by being embedded in a web of critical comment which 
systematically undermined Barkia’s scientific credibility. For example, 
Barkla was accused of wanting dogmatically to retain the classical theory 
of X-ray scattering and of being unwilling to give up his own J theory. 
Wynne shows that both these accusations were unjustified. One reviewer 
even used a mistake made by two of Barkla’s research students to 
condemn his entire research school, suggesting that this erroneous paper 
was Barkla’s only major support. The reviewer perhaps did not notice 
and certainly did not mention that Barkla never tried to use the paper in 
support of the J phenomenon. It is clear, Wynne contends, that the 
account usually given of the rejection of Barkla’s work on the J 
phenomenon is quite misleading. Barkla’s claims were never conclusively 
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disproved by clear demonstration of their failure to meet impersonal 
standards of validity. 

The published refutations of Barka’s work are marked by confusion as 
to the nature of his exact position (even to the extent that views set 
down in major journals were apparently not known); by standards of 
evidence which can only count as ‘standards’ to those already predis- 
posed to accept their conclusions; by heavily implied sanctions against 
a scientific adversary which entail norms of a strictly non-rational 
kind; and by extravagant inconsistency as to why the phenomenon 
should be rejected. These published refutations should, I propose, be 
treated more as symptoms, as rhetorical rationalizations of a rejection 
already sealed for less tangible reasons. (Wynne, 1976, p. 335) 

Having reached these conclusions with respect to the case of the J 
phenomenon, Wynne goes on to offer a somewhat speculative, but none 
the less interesting, general analysis along the following lines. Scientific 
consensus, and thus scientific knowledge, is not achieved by means of 
conclusive proof and disproof. Scientists are always faced with ultimate 
uncertainty and ambiguity. But intellectual commitments are necessary 
and are regularly made. They are not achieved, however, by the 
application of any set of pre-established, formal criteria. Adoption and 
rejection of research programmes is a much more pragmatic process and 
is greatly influenced by scientists’ relatively local interests. For example, 
the spectrometer became a dominant research tool largely because of its 
practical advantages; it could be used routinely to provide precise 
measurements over a wide range of areas. Yet, once firmly established, it 
became a major resource for rejecting knowledge-claims which embodied 
different scientific assumptions. This means that ‘orthodoxy lurches 
along via apparently arbitrary factors located in social (including techni- 
cal) practices; and that traditional predispositions, socialized values, 
assumptions and practices, and the like, play a crucial part in the 
eventual route which “true” science is deemed to have taken. That route 
is only formally mapped out in hindsight’ (1976, p. 336). 

Wynne is here suggesting that the formal rationality of scientific 
knowledge, which requires that such knowledge be shown to conform to 
invariant principles of validity, tends to be brought to completion after 
the event. One important aspect of this operation is the final repudiation 
of any significant opposing views. In this way, the appearance of formal 
rationality is strengthened. This, in turn, has two further consequences. 
Within the research community, it fosters the concentration of intellect- 
ual effort. In addition, it helps the scientific profession to maintain its 
credibility in the wider society and to obtain economic and social 
support. 

This last statement draws attention to the fact that the studies with 
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which we have been concerned so far deal only with those processes 
occurring within relatively small and highly specialised research net- 
works. Clearly these social networks are parts of a broader pattern and in 
the final chapter I will examine some of the links between scientific 
research and the wider society. For the moment, however, I shall extend 
the scope of the discussion only slightly, by looking at two studies in which 
some attention is given to the connections between specific specialties 
and the rest of the research community. The first of these studies is that 
by Collins and Pinch of parapsychology (1978). These authors stress that 
the reality of such paranormal phenomena as extrasensory perception or 
psychokinesis is irrelevant to their analysis. They are concerned solely 
with studying how scientists attempt to establish or refute knowledge- 
claims dealing with that class of phenomena referred to as ‘paranormal’. 
In particular they argue that, by exploring this case, we will be able to see 
how scientific knowledge is the contingent outcome of both social and 
cognitive processes in the research community as a whole. 

Claims by a recognised scientist to have demonstrated the existence of 
paranormal phenomena were first advanced in the 1930s. But general 
agreement about the meaning of basic observations or the scientific 
legitimacy of this kind of inquiry has still not been achieved today. One 
reason for this is that the debate, or negotiation, about paranormal 
phenomena has not been restricted to those doing detailed research, that 
is, to parapsychologists themselves. Many scientists working primarily in 
other areas seem to have regarded the claims of parapsychologists as a 
threat to established knowledge and to the credibility of science. Thus 
one pronounced feature of the debate has been the contest between 
parapsychologists, whose minimal claim has been that there are genuine 
phenomena to be scientifically investigated, and orthodox scientists who 
have sought to undermine the parapsychologists’ entire enterprise. 

Collins and Pinch distinguish two ‘forums’ in which this debate 
between orthodox and deviant scientists has been carried out. 

On the one hand there is what we will call the ‘constitutive’ forum, 
which comprises scientific theorising and experiment and correspond- 
ing publication and criticism in the learned journals and, perhaps, in 
the formal conference setting. On the other hand, there is the forum in 
which are set those actions which — according to old-fashioned philo- 
sophic orthodoxy — are not supposed to affect the constitution of 
‘objective’ knowledge. We will call this the ‘contingent’ forum, and 
would expect to find there the content of popular and semi-popular 
journals, discussion and gossip, fund raising and publicity seeking, the 
setting up and joining of professional organisations, the corralling of 
student followers, and everything that scientists do in connection with 
their work, but which is not found in the constitutive forum. (1978) 
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Within the framework of what I have called the standard view of science, 
which Collins and Pinch refer to as ‘old-fashioned philosophic ortho- 
doxy’, we would expect the success or failure of parapsychology to be 
determined solely in the constitutive forum. Parapsychologists would 
present the results of a number of carefully conducted experiments 
through the formal channels of communication and these results would 
be judged by the application of impartial canons of proof, consistency, 
adequate evidence, and so on. Presumably within a relatively short 
period of time, it would be possible for virtually all those involved, 
whatever their initial inclination, to decide objectively whether or not 
there were genuine phenomena to be investigated. Collins and Pinch 
show, however, that the debate has not been remotely like this. They go 
on to argue that the issue was not resolvable within the formal limits of 
constitutive debate and that both sides have in fact continually employed 
resources from the contingent forum in their attempts to establish as 
authoritative their opposing definitions of paranormal phenomena. 

Let us look first at the critics of parapsychology. In the first place, it is 
clear that many of them preferred to keep the knowledge-claims of 
parapsychologists from being considered at alt in the constitutive forum. 
For example, papers from parapsychologists were regularly rejected, not 
only when referees were evenly divided in their recommendations, but 
even on those few occasions when there was a majority in favour of 
publication. Moreover, when positive results were actually published, 
journal editors were inclined to indicate in one way or another that the 
journal was not endorsing these findings. But, as we have noted, the 
screening of papers by referees and editors is merely the first step in the 
process of evaluation. Collins and Pinch stress that formal presentation 
in itself need never lead to acceptance by determined opponents for, as 
we saw in the case of gravitational waves, evaluative resources are highly 
flexible and can be employed to support quite divergent scientific 
positions. Thus some participants simply saw the empirical findings as 
uninteresting. The so-called results were ‘empty correlations’ which were 
not worthy of further attention. For others, however, the decisive factor 
in rejecting the results of parapsychological research was that the 
empirical results which had been obtained had been given no theoretical 
analysis which was at all convincing. This was contested by many 
parapsychologists, most of whom saw themselves as working within an 
appropriate theoretical framework. 

So far, then, we have noted clear differences of opinion about what 
constitutes an empirical finding in this area and what counts as a 
theoretical interpretation. In addition, it was possible, without doubting 
the validity of some of the experimental work by the accepted standards, 
to question the validity of the standards themselves. Thus one mathema- 
tician reasoned roughly as follows: ‘Experimental results interpreted by 
classical probability theory appear to indicate the existence of paranormal 
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phenomena. Although the experiments seem to be satisfactory, the 
conclusion cannot be accepted. Therefore, there is something wrong with 
probability theory’. If this line of reasoning were to be generally accepted 
it would imply that established procedures of inference over a wide area 
of science, namely, those fields which depend on probability theory, 
would have to be revised and the boundaries of certified knowledge 
extensively re-drawn. Few scientists, however, thought that there was any 
need to change techniques of statistical inference in response to findings 
which they saw as being blatantly false. A much more usual procedure 
was merely to assert that the existence of paranormal phenomena was 
inconsistent with incontestable scientific knowledge and, therefore, that 
any positive results, no matter how plausibly presented, must be the 
product either of experimental error, fraud or self-deception. 

At this point, Collins and Pinch suggest, we can see the critics of 
parapsychology beginning clearly to deploy the repertoire of the contin- 
gent forum in the course of formal knowledge-constitutive debate. 
Thus the case of parapsychology is especially informative in sociological 
terms because, as a result of the new specialty’s deviant and threatening 
appearance in the view of the orthodox, the merging of the contingent 
with the constitutive forum in the process of cognitive negotiation 
becomes unusually evident. For instance, critics have frequently asserted 
that parapsychology is merely an irrational cult maintained by faith, in 
contrast with genuine science which is based on evidence and demonstra- 
tion. Parapsychology is said to be merely another form of spiritualism 
and belief in the occult. This characterisation enables critics to account 
conveniently for the fact that some physicists, psychologists, and so on, 
appear to have a different view of the available evidence and the 
conclusions to which it leads. Belief in the rationality and consensus of 
science is made consistent with apparently fundamental intellectual 
divergence, by viewing those with opposing ideas as, in the last resort, 
simply irrational. 

Once advocates of parapsychology have been defined in this way, there 
is no need to treat its knowledge-claims seriously or to convince its 
practitioners of their errors. A similar kind of argument is that which 
accuses, not just individual parapsychologists, but the whole specialty, 
of fraud. From this perspective the critic may admit that the evidence 
occasionally looks compelling. But consistency is maintained between 
this evidence and what is taken to be established knowledge by asserting 
that the former is not and cannot be real evidence. As Collins and Pinch 
show, there is no defence against this argument when it is pushed to 
extremes. Critics can always show that results could have been fabri- 
cated, either in the course of normal interaction between the experimen- 
ter and his subject or between the subject and outside helpers, for 
example, by means of hidden transmitters. 



86 Science and the Sociology oj Knowledge 

This tradition of giving credibility and persuasiveness to the fraud 
hypothesis by the demonstration of its possibility has become a 
standard procedure in the critique of parapsychological experiments 
. . . The logic of the fraud hypothesis not only appears to remove any 
need for empirical tests from the scientific decision-making process but 
can also be put forward without any empirical evidence that fraud 
actually took place. (Collins and Pinch, 1978) 

The tactics of the parapsychologists appear to have been broadly 
similar to those of their opponents. It seems that some parapsycholo- 
gists, at least early in their research, had assumed that the existence of 
paranormal phenomena could be established experimentally, that is, by 
the formal publication of a definitive experiment. But as we have seen, 
any experimental results in this field can be rejected with the help of the 
interpretative resources available to orthodox scientists. And para- 
psychologists, as well as some of their opponents, have come to recognise 
this. Accordingly, parapsychologists have employed a variety of supple- 
mentary methods for establishing the legitimacy of their claims, from the 
relatively technical to the obviously social. At the technical level, they 
have increasingly adopted the complex experimental methods of physi- 
cists, biologists and psychologists. They have also refined their statistical 
procedures so that, as early as 1937, they were able to gain official 
endorsement by the Institute of Mathematical Statistics. Moreover, one 
of the central foci of interest ainong parapsychologists has been the 
attempt to reconcile their findings with orthodox electromagnetic and 
quantum-mechanical theory. These efforts within the constitutive 
context have been accompanied by action in the contingent forum. 
Collins and Pinch show that by the latter action parapsychologists have 
tried to influence the reception given to their knowledge-claims; they also 
suggest that contingent action has to some extent helped parapsycholo- 
gists to establish telepathy, clairvoyance and psychokinesis as genuine 
scientific phenomena. 

Collins and Pinch provide clear evidence that parapsychologists have 
sought systematically to obtain university posts in their subject, to recruit 
students, to acquire funds from legitimate sources, to publish in recog- 
nised journals, and to join prestigious scientific associations such as the 
AAAS. In addition, it appears that, as parapsychologists have increas- 
ingly obtained these social objectives over the years, the legitimacy of 
their intellectual endeavours has become more widely accepted. This has 
been particularly true in the USA, where the social organisation of 
science provides a relatively favourable environment for the establish- 
ment of new scientific groupings (Ben-David, 1968). Of course, the mere 
existence of a relationship between increasing scientific legitimacy and 
organisational expansion tells us very little. Collins and Pinch claim that 
parapsychologists have gained increasing intellectual acceptance by 
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obtaining most of the social characteristics of other legitimate scientific 
specialties. But clearly the process could operate in the other direction, 
with parapsychology being allowed to expand because its work was 
becoming more acceptable. However, the authors do provide evidence 
that social position may be used as a resource to strengthen knowledge- 
claims. For example, they describe instances where parapsychologists’ 
‘proper’ scientific training, their affiliation with major research estab- 
lishments, and so on, were explicitly accepted by the orthodox as factors 
which required them to take seriously knowledge-claims about para- 
normal phenomena. But Collins and Pinch furnish no evidence to show 
that parapsychologists were able to use their improving organisational 
position directly to ensure the acceptance of any particular knowledge- 
claim as valid. Thus their central conclusion can best be interpreted as 
follows: parapsychologists’ action in the contingent forum helped to 
persuade outsiders of the legitimacy of their overall research enterprise; 
and to create a social context in which particular knowledge-claims, 
which would previously have been dismissed out of hand, would be more 
likely to receive careful consideration and, in some cases, acceptance. 

So far in this section I have considered only studies dealing with the 
production of knowledge in new areas of scientific investigation. But a 
similar combination of social and cognitive processes can be seen to 
operate in the course of ‘revolutionary’ situations. To illustrate this, let 
me look briefly at a study by Frankel (1976) of developments in early 
nineteenth-century French research into the classical topic of optics. This 
case is particularly interesting because it shows how variations in the 
social position of participants may foster the emergence of radically 
divergent scientific interpretations within a strong and fruitful consensus 
and also how the social organisation of the research community may 
affect the success of unorthodox ideas. 

The central feature in French optical research during the period 
1815-25 was a dramatic swing from the corpuscular to the wave theory 
of light. Frankel argues that a Kuhnian analysis of this change is not 
entirely appropriate and by no means complete. From the Kuhnian 
perspective, we would expect this revolution to have followed a period of 
crisis within the research network involved; this crisis arising out of an 
awareness of anomalies defined in terms of the current interpretative 
framework and widely recognised by participants. However, Frankel 
shows that in this instance there was no prior crisis and no recognition of 
major anomalies by adherents of the dominant paradigm until after the 
revolutionary sequence had already begun. The preceding decade had, in 
fact, been one of unprecedented success and productive elaboration for 
those employing the corpuscular theory. At the beginning of the decade 
of change there was no awareness of important problems which could 
not be resolved along orthodox lines. 

The major change in theoretical perspective which did subsequently 
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occur could neither have begun nor have been brought to fruition 
without the activities of a group of ‘revolutionaries’. This was so because 
almost all the influential figures in French physics were rigidly opposed 
to non-corpuscular optics and because these men controlled the dissem- 
ination of legitimate information in this field. The scientific revolution in 
French optics was set in motion by actions carried out in both the 
contingent and the constitutive forums by a small number of scientists 
who were isolated, or estranged, from the centre of power and ortho- 
doxy. Frankel identifies Arago and Fresnel as key figures in the revolt. 
Fresnel was at this time quite outside the research community and eagerly 
seeking a chance to make a scientific reputation. His sponsor, Arago, 
was an established scientist, but he was alienated from the ruling clique— 
until after the success of the wave theory, that is, when he took over the 
dominant position that Laplace had occupied a decade earlier. Frankel 
contends that scientists in such marginal social positions are more likely 
to be receptive to alternative interpretations of results which can always, 
in principle, be seen in various different ways; and that they are more 
likely to explore such alternatives because they have more to gain thereby 
than the established representatives of orthodoxy. It is certainly the case 
that a large number of major scientific advances have originated with 
researchers in marginal situations (Chubin, 1976). At the time that 
Fresnel and Arago began to challenge the corpuscular theory there was 
one alternative scheme available which had undergone some degree of 
scientific refinement and which could be used, therefore, to provide 
immediately fairly sophisticated analysis. This was the wave theory, 
which had recently been employed by Young in England but which had 
until then made little impact on orthodoxy in either country. 

It is clear that both Arago and Fresnel became committed to the wave 
theory before any kind of ‘proof of its validity was available, even in 
their own terms; and that from early on their central aim was conceived 
as building up evidence in its favour. As their work proceeded, they came 
to differ increasingly from mainstream scientists in their recognition of 
anomalies, in the theoretical resources they brought to bear on these 
anomalies and in their detailed interpretation of data. ‘Thus diffraction, 
for example, was seen as a central problem by Arago and Fresnel, while 
to Biot it was a relatively minor concern. It is not the nature of the 
anomaly alone, therefore, but the situations of the scientists involved in 
the dispute as well, which determines the course of events’ (1976, p. 175). 
Whilst the revolutionaries were attempting to redefine the interpretative 
framework of optical research, the more orthodox scientists continued to 
extend the corpuscular theory with undiminished confidence. At least 
initially, they did this effectively. As Frankel stresses, the corpuscular 
theory was not at this stage in a state of intellectual crisis. Because most 
participants continued for some time to accept the corpuscular theory as 
scientifically adequate, the case for social factors having a decisive 
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influence on the emergence of an opposing perspective seems especially 
strong. 

If scientists’ judgements and interpretations are significantly influ- 
enced by social as well as cognitive factors, it follows that any deviant or 
revolutionary group, if it is to succeed, must act at both the social and 
cognitive levels. Frankel draws attention to three things which such a 
minority group must do: it must produce ‘solutions’ to problems 
regarded as important, it must publicise its views and it must win 
recognition for its work. The degree to which these objectives can be 
achieved, he suggests, depends significantly on variations in social 
context. In order to clarify this point, Frankel makes some interesting 
comparisons between the position of Young in England and that of 
Fresnel and Arago in France. The central point is that, as the same 
intellectual resources were available in both countries, the varying 
success of the wave theory in the two research communities must have 
been due primarily to social differences. For instance, it was relatively 
easy for Young to get his ideas published and known in the open, laissez- 
faire community of British science. But he failed completely to convince 
anyone that his analysis was preferable to the corpuscular theory. In 
contrast, Fresnel was able to win a hearing from the more closed and 
centrally dominated community in France only through the ‘political 
leverage’ of Arago. However, once this breakthrough had been achieved, 
Fresnel was able to engage in dialogue with a group of ‘competent 
judges’ and to succeed comparatively quickly in establishing that his 
work could not be ignored. 

The difference in the matter of recognition lay in the state of profes- 
sionalization of the two communities. Recognition requires agreed- 
upon standards as to what constitutes an adequate solution to a 
problem. In the relatively amateurish state of early nineteenth century 
British physics there was no such agreement, so Young’s critics could 
disregard him for philosophical reasons without confronting his 
mathematical arguments. In France, the Laplace school and the Ecole 
Polytechnique had combined to set certain standards which were 
commonly accepted, even by warring parties in a scientific revolution. 
If one could predict numerically the results of experiments from theor- 
etical reasoning expressed in the form of mathematical equations, then 
one was acknowledged to have achieved a solution to the problem at 
hand. (Not necessarily the only solution, or the best solution, how- 
ever.) Thus the judges in the diffraction contest could award Fresnel 
the prize on the basis of his mathematics and his experiments, without 
committing themselves to his theory, (Frankel, 1976, p. 176) 

Consequently Arago, acting on Fresnel’s behalf within the councils of 
the Parisian scientific elite, was able to use established criteria of 
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adequacy as a resource in the informal process of negotiation. He was 
able to employ agreed standards to define Fresnel’s contributions as 
significant and to convince others that Fresnel’s work was consistent with 
those standards. 

Frankel emphasises that, although this recognition of the significance 
of Fresnel’s work was the crucial first step towards the success of the 
wave theory, it did not settle the issue. Most orthodox scientists 
continued to deny the validity of Fresnel’s interpretations and their 
opposition was not ended simply by increasingly clear scientific demon- 
strations in accordance with agreed criteria. The standards shared by 
both sides were interpreted so as to support quite different scientific 
analyses. Frankel claims that the rapid rise to dominance of the wave 
theory in France was not brought about by cognitive factors alone but 
also by socio-political factors. In particular, the debate over the two 
theories of light coincided with the victory of an anti-Laplace faction in 
the French scientific community as a whole. As a result, there occurred a 
wide-ranging revision of interpretative positions in various fields. 

From the early 1820s onwards, supporters of Laplace’s view of 
science, including the adherents of the corpuscular theory of light, were 
reduced to silence (Fox, 1974). Although many of them refused to recant, 
they were unable publicly to oppose the new orthodoxies. One conse- 
quence of these social changes was a rapid and almost complete 
acceptance of the wave theory by the Parisian scientific community. 
From their new positions of power in teaching, research and publishing, 
adherents of the wave theory were able to convert the next generation of 
students in its entirety. It seems, therefore, that there was nothing 
inevitable in this intellectual revolution. It did not occur as a necessary 
consequence of the logic of scientific ideas, but was set in motion and 
brought to completion in part by contingent social factors. Where the 
appropriate social context was lacking, as in England, the corpuscular 
theory remained dominant for some time to come. It is perhaps relevant 
to note that this was not the end of the ‘corpuscular versus wave’ debate, 
which surfaced again in a new interpretative context in the present 
century. (See also the discussion of Holton’s themata in the next 
chapter.) 

Let me conclude this section by summarising very briefly the main 
conclusions of the case studies discussed above. I will refer in passing to 
philosophical sources where similar points are made. In Collins’s study 
of the laser network, we saw that scientific knowledge cannot always be 
made explicit. It has a tacit component which cannot be assessed by 
means of formal criteria (see Polanyi, 1958, and Ravetz, 1971). Such 
tacit knowledge is transmitted most effectively through direct social 
interaction, in the course of which the adequacy of participants’ know- 
ledge has to be informally negotiated rather than formally demonstrated. 
In the study of gravitational waves we were shown that, even in a 



research context where the intellectual framework is well established and 
theoretically elaborated, available knowledge and techniques can be 
interpreted in quite diverse ways (see Hesse, 1974, and the discussion in 
the preceding chapter about the variable meaning of concepts, etc.). 
Beginning from significantly different interpretative positions, partici- 
pants appeared to be working out, by a process of ‘claim and counter- 
claim’, the meaning of observations and thereby, indirectly, establishing 
the nature of the phenomenon with which they were concerned (see 
Feyerabend, 1975). As in the case of laser research, this process of 
negotiation was not confined to the formal channels of communication, 
but depended to a considerable extent on informal interaction which 
enabled participants to buttress their formal claims with a wide variety of 
non-technical evaluations. As we saw in the previous section, the use of 
such non-technical or social formulations is likely to be highly flexible 
and context-dependent. 

Wynne’s study showed how consensus may be achieved and main- 
tained, not by clear disproof of alternative positions, but in part by the 
highly selective presentation of evidence (see Hanson, 1969, on selective 
perception), by the ‘misrepresentation’ of opposing arguments and by 
attacks on their author’s scientific integrity. Wynne suggests that scien- 
tists necessarily make strong commitments to research programmes 
which can never be formally justified in full (see Lakatos, 1970). Like 
Collins, he stresses the informal, unexplicated, intuitive elements in the 
creation, justification and maintenance of scientific knowledge. Because 
the commitments on which the course of scientific development depends 
cannot be formalised, they are open to influence from a variety of social 
factors. Wynne concludes that the formal rationality of science is at least 
partly a form of justification constructed after, and with the help of, 
social and intellectual commitments. Accordingly, he agrees with Collins 
that we will obtain a totally misleading view of science if we infer its 
social attributes from the formal characteristics of the claims presented 
in articles, reviews and textbooks. Formal knowledge claims have 
meaning only when they are interpreted by the members of actual social 
groupings. The way in which these interpretations are realised depends 
on the outcome of contingent negotiations among those members. 

In the case of parapsychology we saw that well-established scientists 
seem to be able to resist formal constitutive knowledge-claims indefini- 
tely when these claims are based on radically different assumptions (see 
Kuhn, 1962; Polanyi, 1969). For the critics of parapsychology, the 
central assumption that paranormal phenomena do not exist was never in 
question. Rather it pervaded and gave meaning to the whole armoury of 
formal arguments which they employed (see also Bloor, 1976). It 
ensured that, for these critics, every item of evidence and every chain of 
reasoning provided further grounds for rejection of the deviant views. In 
this case, the informal reasoning and the use of contingent criteria which 



92 Science and the Sociology of Knowledge 

are normally excluded from open display in the formal arena appeared 
clearly in the course of knowledge-constituting debate. The authors show 
how parapsychologists, faced with the apparent impossibility of proving 
their case through formal discourse yet convinced of its validity, 
explicitly adopted a supplementary strategy in the contingent forum. 
They argue that parapsychologists have had some success with this 
strategy and have been able to use their improved position in the 
scientific community as a resource for establishing their intellectual 
claims. This theme is taken further in the final study by Frankel, who 
argues that scientists’ intellectual commitments, their choice from avail- 
able analytical resources, may be directly affected by their social 
location; that the success of unorthodox views can be crucially influenced 
by the internal politics of science; and that the formal rationality of an 
emergent paradigm may be made unproblematic for a new generation of 
scientists by becoming entrenched in the centres of scientific authority. 

These case studies are not free from interpretative or methodological 
difficulties. It would be surprising if they were; for studies of this kind 
have not been attempted until very recently and the practical difficulties of 
combining an investigation of social relationships with detailed study of 
intellectual developments are very great (Law, 1976; Woolgar, 1976b). 
Their conclusions, therefore, should be treated as tentative. They cannot, 
however, be ignored. At the very least, the evidence produced in these and 
similar studies demands further analysis and empirical investigation. In 
the next section I will try to identify the central implication of these path- 
breaking sociological studies of the production of scientific knowledge 
and to show that it is supported by the revised analysis of social norms in 
science. To put this another way, my aim will be to distinguish the central 
feature of the analytical framework which, strengthened by its consistency 
with the new philosophy of science, is emerging as an alternative to the cus- 
tomary sociological account of science. But before I do this, I want to 
make one important point. All the case studies discussed in this section 
have dealt with fields of empirical science. It should not be assumed, how- 
ever, that ‘non-empirical’ disciplines develop quite differently or that their 
knowledge has a certainty or clarity different in kind from that of empiri- 
cal science. In other words, we cannot retain the category of ‘special case’ 
traditionally used by sociologists of knowledge by confining its scope to 
mathematics and logic. This has been argued most forcibly by Bloor (1976, 
chs 6 and 7), who shows that mathematical formulations and logical 
principles have no meaning until they are interpreted in terms of non- 
formal, background assumptions; that these assumptions are socially 
variable; that mathematical reasoning is, therefore, context-dependent; 
and that mathematical proofs are produced by informal process of social 
negotiation. Bloor’s analysis is easily available and I will not discuss it 
further. I will, however, assume that the conclusions which follow are 
likely to apply as much to the formal as to the empirical sciences. 
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THE INTERPRETATION OF CULTURAL RESOURCES 

In the light of the material presented in the two preceding sections, it 
seems that one crucial fault in the orthodox sociological account of the 
production of scientific knowledge is the lack of any conception of 
interpretation or negotiation (Law and French, 1974: Bohme, 1975). This 
omission, and the gap it leaves m sociological analysis, are evident with 
respect to the treatment of both social and cognitive/technical resources. 
From the orthodox perspective, it is assumed that sociologists can 
identify that set of general normative principles which in practice guides 
most activities in science and, indeed, which has to be institutionalised 
within the research community in order to guarantee that the great 
majority of accepted knowledge-claims will be faithful to the real 
physical world. These general principles are conceived as providing clear 
prescriptions for virtually all social action involved in the production and 
certification of scientific knowledge. Their application by participants to 
particular acts is taken to be quite straightforward. Specific acts are 
regarded as either conforming to a given rule or not, in a fairly 
unambiguous manner. I have tried to show, however, that for two main 
reasons this conception of the normative structure of science is unsatis- 
factory. First, only part of the range of normative principles actually 
used by scientists is recognised as playing a significant role in science; and 
the sub-set selected for attention emphasises unduly those formulations 
most obviously consistent with the standard philosophical view. 
Secondly, and more important here, both general principles and more 
specific operating norms have, as we have seen, always to be interpreted 
in particular cases. In order to depict a given action, whether their own or 
that of some other, as in accordance with a prescription, participants 
have to interpret that prescription in relation to supplementary consid- 
erations as well as those particular features of the context in which it is 
being applied that are deemed to be relevant. 

Accordingly, I have tried to show that we must revise the established 
view of the relationship between social norms and the production of 
scientific knowledge. The meaning of norms is always socially contin- 
gent; that is, it depends on interpretation by actors in varying social 
contexts. Because any specific norm can be made consistent with a wide 
range of apparently different actions, we cannot regard the production 
of knowledge as a simple consequence of conformity to any particular set 
of normative formulations. I have suggested instead that it is more 
appropriate to treat the norms of science as vocabularies which are 
employed by members in negotiating meanings for their own and their 
colleagues’ actions. Because scientists have available a considerable 
variety of formulations, each of which can be applied to individual cases 
in a flexible manner, any given act can always be interpreted in various 
ways. The extent to which one interpretation rather than another 
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becomes accepted by participants is the outcome of processes of social 
interaction or negotiation; that is, as members exchange views and 
attempt to convince, persuade and influence each other, these views may 
be modified, abandoned or reinforced. Although social negotiation in 
science has been little studied as yet, it seems likely that its outcome is 
influenced by such factors as members’ interests, their intellectual and 
technical commitments, members’ control over valued information and 
research facilities and the strength of their claim to scientific authority. 

This argument with respect to social norms in science is supported by a 
closely parallel argument with respect to cognitive/technical norms. (I 
use this last phrase to refer to the whole range of research methods, 
techniques, criteria of adequacy, established bodies of knowledge, and so 
on, in so far as they are employed as resources for judging knowledge- 
claims and scientific competence. The similar phrase ‘technical norms’, 
which is sometimes used within the orthodox framework, usually has a 
somewhat narrower connotation.) From the perspective of the customary 
sociological analysis, the supposed social norms are seen as necessary 
because they ensure that the technical norms of science will be vigorously 
applied in the selection of knowledge-claims (see Chapter 1). These 
technical norms, in turn, are regarded as pre-established, impersonal 
rules which directly regulate scientists’ research actions and intellectual 
judgements. It is argued that, in this way, the ‘entire structure of 
technical and moral norms implements the final objective’ (Merton, 
1973, p. 270), that is, the accumulation of objective knowledge. The 
technical resources of science are seen as being sociologically unproble- 
matic. It is assumed that their interpretation and application will be 
uniform and independent of variations in social context within the 
research community. (It is, of course, emphasised that, if the supposed 
social norms are disrupted, the technical norms will cease to function 
properly.) However, we have seen in the present chapter that this 
assumption is unjustified. Not only are social norms socially variable, 
but cognitive/ technical norms are also open to a considerable range of 
interpretation in any particular research area. In other words, general 
evaluative criteria such as ‘consonance with established knowledge’, 
‘consistency with the evidence’, ‘competence’, ‘replicability’, as well as 
the content of specific bodies of knowledge and technique, all require 
interpretation in particular instances in much the same way as do social 
norms (Bohme, 1977). Indeed, it is difficult to envisage how technical 
resources could be employed differently from social resources in this 
respect because, as every case study demonstrates, there is no clear 
separation between the negotiation of social meaning and the assessment 
of knowledge-claims. Both social and technical formulations have to be 
selected and interpreted by participants in particular instances; and both 
kinds of resources are inextricably combined in the sequence of informal 
interaction as well as formal demonstration whereby specific knowledge- 
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claims come to be ratified, (Thus the distinction between social and 
technical resources must not be reified. Cognitive/technical formulations 
are merely one kind of interpretative social resource.) 

The sociological analysis of science, then, has previously assumed that 
the production of scientific knowledge can be explained by showing that 
general conformity is maintained to sets of formal rules (both social and 
technical), the strict implementation of which guarantees an undistorted 
revelation of the real physical world. I have argued, in contrast, that 
neither of these kinds of rule has a determinate meaning for participants 
and that implementation therefore requires a continual process of 
cultural reinterpretation. By means of this process scientists construct 
their versions of the physical world. The broad similarity between this 
revised sociological position and the new philosophy of science is clearly 
evident at this point (see the discussion at the end of Chapter 2). 
Sociologists and philosophers have converged on a conception of science 
as an interpretative enterprise, in the course of which the nature of the 
physical world is socially constructed. 

It is also clear, I think, that this view brings science fully within the 
scope of the sociology of knowledge. I do not mean by this that we can 
begin to talk of the content of scientific knowledge as ‘determined by 
existential factors’. The kind of analysis implied in such terminology is 
clearly quite at variance with the view that I have been trying to illustrate 
and clarify. A rather better general formulation would be that scientific 
knowledge is established by processes of negotiation, that is, by the 
interpretation of cultural resources in the course of social interaction. 
Cognitive/technical resources are employed by scientists in such negotia- 
tion; but the eventual outcome depends also on the availability of other 
kinds of social resources. The conclusions established through scientific 
negotiation are not, then, definitive accounts of the physical world. They 
are rather claims which have been deemed to be adequate by a specific 
group of actors in a particular cultural and social context. There is, then, 
at least a prima facie case in favour of the thesis that ‘objects present 
themselves differently to scientists in different social settings, and that 
social resources enter into the structure of scientific assertions and 
conclusions’ (see Chapter 1, p. 2). 

In the present chapter, I have developed this thesis with respect to 
processes occurring inside the research community. In the final chapter, I 
will show that the same approach can elucidate some of the connections 
between scientific knowledge and the society at large. This will enable me 
to illustrate how some of the traditional questions of the sociology of 
knowledge may be applied to the case of science and, perhaps, provision- 
ally answered. 
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Science and the Wider Society 


In general, sociologists of knowledge have paid particular attention to 
the influence exerted by external social factors on the work of specific 
groups of cultural producers. For instance, Stark (1958) claims that the 
existence of radically divergent traditions of philosophical thought in 
Germany and Britain is primarily a consequence of differences in socio- 
political environment. He suggests also that the transition from classic to 
romantic art in Europe at the turn of the eighteenth century was fostered 
by a marked change in the social position of the artist, which was in turn 
a result of wider social developments. These are typical of the connec- 
tions between cultural products and society which have been identified by 
sociologists. Not only the rate and direction of cultural development, but 
also its content, are portrayed as directly dependent on external influen- 
ces. In the case of science, however, external factors have been regarded 
as less powerful. It has come to be generally agreed that the speed and 
direction of scientific development are considerably affected by social, 
economic and technical factors originating outside the scientific research 
community (Mendelsohn, 1964; Ben-David 1971). But most philoso- 
phers, historians and sociologists have been unwilling to accept that such 
external factors can influence the content of scientific thought, that is, its 
concepts, empirical findings and modes of interpretation (Young, 1973, 
Lemaine et al., 1976). 

The reasons for this are, I hope, clear by now. Scientific knowledge 
has been conceived as an objective representation of the physical world. 
The modern scientific community has been credited with an ethos which 
reduces social influences upon the production and reception of 
knowledge-claims to a minimum, thereby guaranteeing the accumulation 
of objective knowledge. Given these assumptions, direct connections 
between the wider society and the conclusions of science are not to be 
expected, except in those few cases, like that of Lysenko, where outside 
intervention ‘distorts’ scientists’ results (Joravsky, 1970). Consequently, 
when sociologists have sought to understand the relationship between 
science and the wider society, they have conceived their central task to be 
that of demonstrating which kind of society is most amenable to the 
institutionalisation of the ‘scientific ethos’ and most likely to support an 
autonomous research community. 

This has led to the thesis that democratic societies furnish the most 
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congenial setting for scientific development, because such societies give 
academic scientists the freedom they require to record without bias the 
facts of the natural world and because science and democracy share those 
values on which the production of valid knowledge depends (Barber, 
1952; Merton, 1957, p. 522; Hirsch, 1961; see also Polanyi, 1951). 
However, the assumptions behind this line of reasoning have been 
challenged in the two previous chapters. We have seen that it is 
preferable to think of scientific knowledge as a contingent cultural 
product, which cannot be separated from the social context in which it is 
produced. We have also seen that the supposed scientific ethos is merely 
part of the cultural repertoire of science, and by no means necessarily the 
most important part of the creation of scientific knowledge. There is no 
longer, therefore, any reason to expect that science is best created in a 
social vacuum where institutionalised democratic values allow disinter- 
ested researchers to formulate the ‘one correct account of the physical 
world’. 

The revisions in the customary view of science which have been 
presented above enable us to reconsider the possibility of there being 
direct external influences on the content of what scientists consider to be 
genuine knowledge. This issue is now empirically open and we can turn 
to detailed studies of the development of scientific thought to see how far 
it is influenced, on the one hand, by the actions and cultural products of 
non-scientists and, on the other hand, by the actions and cultural 
acquisitions of scientists themselves in non-scientific contexts. We are no 
longer forced to reject these possibilities out of hand as inconsistent with 
the cognitive and social character of science. Moreover, although 
sociologists have not yet explored these possibilities, some social histor- 
ians of science have begun to do so (MacLeod, 1977). In the next section, 
therefore, I will examine some recent work in the social history of 
science. I will not discuss the full range of external influences on science. 
I will concentrate instead on just a few analyses dealing with the content 
of science, in order to establish clear links with the argument presented in 
previous chapters. 

SCIENTISTS’ USE OF ‘EXTERNAL* CULTURAL RESOURCES 

We can think of scientists as having access to two main cultural 
reservoirs: that provided by ‘the scientific community’ and that provided 
by the wider society. As the scientific community has grown larger, its 
own resources have become more extensive. Consequently it seems likely 
that, as Durkheim suggested, science has become culturally more indep- 
endent over time. Increasingly it is other scientific sub-cultures that 
provide interpretative resources, with the products of physics and 
mathematics being exploited by specialties in chemistry and the life 
sciences. ‘As science has incorporated into itself more and more of the 
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cultural resources of the societies in which it has thrived, so it has become 
more internally self-sufficient, with cross-fertilization between specialties 
replacing “fully external” inputs in the process of cultural change’ 
(Barnes, 1974, p. 1 19). 

Despite this tendency, it is still possible to find external culture being 
taken into science. For example, scientists today still make considerable 
use of commonsense knowledge which is acquired largely in the course of 
non-scientific activities. Close observation of scientists at work shows 
that they continually move between a highly esoteric terminology and the 
language of everyday life. Thus ‘commonsense modes of perception and 
operation are an integral and essential feature of recognized scientific 
practice’ (Elliot, 1974, p. 25). Even in the most rarified areas of physics, 
informal reasoning and debate make use of a wide range of interpretative 
notions brought in from ordinary discourse; and not only discourse 
about physical objects but also about social relationships. Thus particles 
‘attract’ and ‘repel’ one another. They are ‘captured’ and they ‘escape’. 
They ‘experience’ ‘forces’. They ‘reject’ and ‘accept’ ‘signals’. They 
‘live’ and ‘decay’, and so on (Holton, 1973, p. 106). It is, of course, clear 
that these terms acquire new meanings as they are used in this unusual 
context. Nevertheless, their meaning continues to resemble that with 
which scientists are accustomed in the course of their everyday social life. 
Physicists adopt these terms because they are familiar and, therefore, 
furnish ideas which can be applied by analogy to enable physicists to 
reason from the known to the unknown (Deutsch, 1959). 

Little is known about such informal processes of reasoning in science 
and the kinds of resources which are employed. Only Holton (1973) has 
attempted any kind of systematic analysis of historical examples in order 
to explore how informal thinking contributes to scientific development. 
Like the sociologists whose work was discussed in the previous chapter, 
he stresses that informal processes are of fundamental importance in 
science and that their significance has not been properly recognised, 
largely because participants cover up the transition from private specula- 
tion to formal demonstration. When we examine in detail how scientists 
actually reach their conclusions, as opposed to the way in which they 
present them formally, we are ‘overwhelmed by evidences that all too 
often there is no regular procedure, no logical system of discovery, no 
simple continuous development. The process of discovery has been as 
varied as the temperament of the scientists’ (1973, pp. 384-5). 

Holton’s central and well-documented contention is that informal 
reasoning in science depends on basic presuppositions which inform and 
guide scientists’ work, sometimes leading them to ‘wrong’ conclusions 
but also in many cases enabling them to disregard contrary evidence in 
pursuit of what is subsequently seen to be the correct interpretation. 
Each scientist, Holton argues, makes a commitment to a particular 
approach towards his area of study. He commits himself, for instance, to 
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the notion of atomistic discreteness or continuity, to harmony or 
conflict, to development or equilibrium, and so on. Holton stresses that 
these commitments are 'neither directly evolved from, nor resolvable 
into, objective observation on the one hand, or logical, mathematical, 
and other formal analytical ratiocination on the other hand’ (1973, p. 
57). They either precede formal interpretation or they are adopted 
without formal proof to resolve interpretative problems. Indeed such 
commitments, of which we have seen several examples above, are not 
open to direct proof or disproof. Rather they define the point at which it 
is no longer appropriate to ask further questions. They provide taken- 
for-granted assumptions which are used to generate interpretations and 
thus to 'bridge over the gap of ignorance’. 

Apart from the evident consistency between this analysis and that 
developed in previous chapters, the point of particular relevance here is 
Holton’s proposal that this repertoire of basic themes or presuppositions 
spans the boundaries between the scientific community and the society at 
large. It is part of a common imaginative inheritance. ‘What is interest- 
ing is that on certain occasions, during the transformation of conceptions 
from the personal to the public realm, the scientist, perhaps unknow- 
ingly, smuggles the commitment of his individual system, and that of his 
society, into his supposedly neutral, value-indifferent luggage’ (1973, p. 
101). Holton shows that in Greek science basic presuppositions were 
taken fairly openly from the social thought of the time. Science then was 
accepted as an adjunct to moral philosophy. When Holton considers the 
emergence of modern science he finds that the natural philosophers of 
Newton’s time tried to avoid having to state or discuss the theological 
and other ‘non-scientific’ notions which, in practice, contributed signifi- 
cantly to their analyses. This is one of the crucial differences between 
modern science and its predecessors. The cultural and social roots of 
knowledge have been hidden away in modern science, on the mistaken 
assumption that true knowledge should not involve reliance on unverifi- 
able assumptions. 

Holton (1973) carries out several case studies to show that the cultural 
connection between science and society today is not always as different 
from that of Newton’s, or even Plato’s, time as we have been led to 
believe. There is in practice a continual cultural exchange between science 
and the wider society. Interpretative resources enter science mainly 
through informal thinking, usually with only a very limited awareness of 
their external origins on the part of participants. They are refined and 
modified in the course of informal negotiation; and they are allowed into 
the public annals of science only after appropriate reformulation. These 
interpretative resources are not generated by the ‘facts of nature’, nor by 
the social life of a segregated research community alone. They must be 
understood at least in part as products of the social processes of society 
at large. 
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If this analysis is correct, it should be possible to produce two broad 
classes of supporting evidence. In the first place, it should be possible to 
discern parallels between the style of thought in certain areas of science 
and that occurring in other areas of cultural production, such as painting 
or philosophy— areas which are clearly influenced by the surrounding 
social context. Holton has begun to do this, but his evidence is as yet 
quite tentative (see also Kroeber, 1944). The second kind of evidence is 
that provided by detailed historical study of specific scientific develop- 
ments. I intend now to look at the emergence of the Darwinian theory of 
evolution where, because a major scientific upheaval was involved, the 
documentation is extensive and the movement of ideas relatively easy to 
discern. 

Both sociologists and historians have generally treated the content of 
the Darwinian theory of evolution and its acceptance as being independ- 
ent of the social setting in which it was brought forth. We saw in Chapter 
1 how Stark argues that Darwin’s theory is simply a summary account of 
observable facts and is not, therefore, open to sociological analysis. 
Historians similarly have distinguished Darwin from other evolutionary 
writers, such as Lamarck, Chambers and Spencer. It is accepted that the 
speculations of these authors, which seem now to have been mostly 
inaccurate, were influenced by ideological and other non-scientific 
factors. But Darwin is seen as the first to recognise and describe the 
actual mechanism of evolutionary change. Consequently, his analysis is 
presented simply as a detached response to objective evidence and ‘is 
treated in relative isolation from the social and intellectual context in 
which he worked’ (Young, 1971a, p. 443). Let me try to show just how 
misleading this view is. 

Five important elements in Darwin’s theory can be clearly identified. 
The first of these was the belief that the facts of natural history, 
comparative anatomy, paleontology, and so on could be explained better 
by a conception of evolutionary development than by the traditional 
notion that species were stable and had been created more or less in their 
present form. The second element was the attempt to show that species 
did in fact change over time. Because it was impossible to obtain 
systematic evidence of such changes as they occurred (presumably) in the 
wild, Darwin turned to the close observation of domestic animals and 
plants. The third crucial element was the assumption that different 
biological structures were functionally adapted to different kinds of 
environment. Fourthly, Darwin saw a direct parallel between the process 
of adaptation in domestic organisms and that taking place in natural 
settings. The artificial selection of certain biological forms among 
domestic animals and plants, in accordance with the preferences of 
breeders, provided a model for understanding the natural selection which 
occurred, in accordance with the requirements of survival, in the wild. 
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uniform fashion. There were, therefore, universal regularities in the 
realm of biology as well as in the domains of astronomy and physics. 
Thus Darwin regarded his account of the mechanism of "natural 
selection’ as expressing a law of nature. Let me examine the origins of 
each of these elements. 

There can be little doubt that theories of evolution sprang up in the late 
eighteenth and early nineteenth centuries in those countries where capital- 
ism was most advanced, that is, in Western Europe and particularly in 
Britain. Sandow (1938) has shown clearly that the notion of gradual and 
continuous biological evolution occurred in those societies at that time as 
a response to the massive accumulation of new information about plants, 
animals and fossils. This information had accrued as a by-product of 
such developments as the worldwide exploration in search of markets 
and the growth of the mining industry. Incidentally, then, the economic 
and political expansion of capitalist Europe generated evidence which led 
to the formulation of new biological theories. The new data obtained 
haphazardly by men in pursuit of practical affairs often appeared to be at 
variance with established biological views and, for some scholars at least, 
implied the need for a radically new interpretative approach. 

By the fourth decade of the nineteenth century a new kind of 
specialism had emerged, which included Darwin, Huxley, Hooker and 
Wallace. The members of this specialism had obtained first-hand know- 
ledge of biological variation by taking advantage of the opportunities for 
doing field work offered to wealthy amateurs by the official voyages 
undertaken to improve trade routes and to consolidate colonial empires. 
Virtually all of these men came to believe in the reality of biological 
evolution. Thus Darwin’s acceptance of the general idea of evolution was 
made possible by his social position; that is, by his belonging to a society 
which had access to a wider range of biological evidence than ever 
before, by his having sufficient income to devote himself entirely to 
science, and by his membership of a distinct sub-culture which had 
already produced several evolutionary theories. But what of the content 
of Darwin’s work? If we are to understand this in greater detail we must 
do more than link Darwinian theory with broad features of nineteenth- 
century capitalism. We must seek the social origins of the more specific 
elements of Darwin’s analysis. 

Darwin was unique among biologists of his day in devising a long-term 
programme of recording the details of variation in plants and animals 
under domestication. This was his solution to the problem of showing 
clearly that changes in biological structure do occur and that they can be 
produced by selective inheritance. In pursuit of this objective, Darwin 
‘collected facts on a wholesale scale ... by printed enquiries, by conversa- 
tions with skillful breeders and gardeners and by extensive reading’ 
(Darwin in Sandow, 1938, p. 321; see also Vorzimmer, 1969). Most of his 
observations on domestic variation were, in fact, taken directly from the 
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work of breeders (Young, 1971a); and in order to obtain this information 
Darwin spent a great deal of time mixing with businessmen, commercial 
breeders and fanciers. There can be no doubt that Darwin’s treatment of 
domestic variation was ‘rooted in the practical activities of plant and 
animal breeders’; activities whose success was measured, not by the 
validity of members’ knowledge, but by the amount of their financial 
profit (Sandow, 1938, p. 332). The assumptions and actions of these 
practical men were absorbed by Darwin. They entered into his scientific 
assertions and they provided him with criteria for warranting his own 
knowledge-claims. For instance, in clinching his argument that selected 
inheritance is the source of variation in domestic animals, Darwin refers 
to the fact that ‘breeders of animals would smile’ at any contrary 
opinion. He goes on to cite several cases where large profits were 
obtained by selective breeding and he finishes with the statement that 
‘Hard cash paid down over and over again is an excellent test of inherited 
superiority’ (Darwin in Sandow, 1938, p. 322). 

It appears, then, not merely that Darwin’s work was made possible by 
the high level of attainment reached in commercial breeding in nine- 
teenth-century England as well as by the other aspects of capitalist 
development already mentioned, but also that his observations, conclu- 
sions and criteria of adequacy in relation to domestic variation were in 
some degree taken over from commercial breeders. The perspective of 
the breeders guided Darwin’s detailed reasoning about domestic varia- 
tion and, thereby, his inferences about the importance of selective 
inheritance as the source of evolutionary adaptation. But the significance 
of Darwin’s close relationship with the breeders does not end there, for 
their procedures also provided the central metaphor or interpretative 
theme which informs the rest of his evolutionary theory. I will return to 
this metaphor shortly. However, in order to understand the sources of 
Darwin’s analysis more fully, we must digress briefly to consider several 
other notions which he took over from theological and philosophical 
debate about the future of society and man’s place in nature (Young, 
1969). 
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features of the natural world were designed by a beneficent God. Darwin 
admitted that he was not able to annul the influence of this belief, which 
was then very widely held. In Darwin’s work the idea that God actively 
constructs each species to a preconceived design is abandoned; but the 
idea that every item of biological structure plays a useful function is 
retained. 

The second source was Lyell’s philosophical principle of the uniform- 
ity of nature. Darwin used this notion to argue that the processes 
underlying variation in natural and domestic settings must be identical; 
although, of course, the means whereby specific variations are selected 
certainly differs. It is important to realise that there is nothing inherent in 
the principle of uniformity which requires us to accept that domestic and 
natural variation are in the same domain of phenomena. The principle in 
no way specifies the range of its own application (see Chapter 2). This is 
illustrated by the fact that it took Darwin and Lyell many years to agree 
that human beings came within the range of phenomena covered by 
evolutionary theory. Lyell objected to the idea that uniformities applic- 
able to animals also applied to human beings. It is clear then that, 
although Darwin sometimes claimed to be following a ‘true Baconian 
method’ and simply to be collecting facts, he actually employed presup- 
positions taken from philosophical and theological debate, and used 
them selectively to extend and define the scope of his scientific analysis. 
Indeed this point can be taken much further. For virtually every 
interpretative notion used by the biological evolutionists had been 
employed earlier in the course of debate about society and human 
progress (see Young, 1969 and 1971a, for documentation of this point). 

Once Darwin had concluded that domestic and natural variation are 
equivalent, he completed his theory by extending his interpretation of 
domestic breeding to species in natural settings. In doing this, he retained 
to a surprising degree the terminology of intentions and purposes 
appropriate to the actions of commercial breeders (Young, 1971a). Even 
in the formal presentation of his theory, he asked his reader to conceive 
of natural selection as being carried out figuratively by a ‘being infinitely 
more sagacious than man’ who operated on biological populations in the 
wild so as to select ‘exclusively for the good of each organic being’ 
(Darwin in Young, 1971a, p. 461). This metaphor continues throughout 
Darwin’s exposition. 

It may be said that natural selection is daily and hourly scrutinizing 
throughout the world, every variation, even the slightest; rejecting that 
which is bad, preserving and adding up all that is good; silently and 
insensibly working, whenever and wherever opportunity offers, at the 
improvement of each organic being in relation to its organic and 
inorganic conditions of life. (Darwin, 1859, p. 84) 
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The metaphor of natural selection, which implied that there was an 
agent who did the selecting, caused Darwin many problems. For the rules 
of scientific interpretation developed in the seventeenth and eighteenth 
centuries had sought to banish anthropomorphism from the scientific 
repertoire. Indeed, it was partly on these grounds that previous evolu- 
tionary schemes, such as that of Lamarck, had been found wanting. 
Accordingly Wallace, Lyell and other fairly sympathetic commentators 
criticised Darwin for using this kind of terminology and for thinking 
‘unscientifically’. But Darwin, although he effectively rewrote the whole 
original text of The Origin of Species in subsequent editions, did little to 
reduce this element in his analysis. Darwin’s refusal to change his form 
of presentation is particularly surprising because it created confusion 
over what he recognised to be ‘the only novelty’ in his analysis, that is, 
liis account of the mechanisms of natural selection. Whereas Darwin 
professed that ‘natural selection’ was a metaphor for objective, imper- 
sonal laws of nature, many of his readers took the phrase literally. One 
reason given by Darwin for none the less retaining the term ‘natural 
selection’ was ‘that it is constantly used in all works on breeding’ 
(Darwin in Young, 1971a, p. 464). This justification illustrates Darwin’s 
strong commitment to the perspective of the breeders. But there must 
have been other considerations involved, to account for his general use of 
a voluntaristic vocabulary and his unwillingness to drop his metaphor 
once it had been shown to confuse rather than clarify his argument. One 
such consideration was that Darwin’s metaphor enabled him to avoid 
having to demonstrate that domestic and natural variation were equiva- 
lent. For this demonstration was impossible. The evidence available on 
natural variation was insufficient to establish the connection. Thus 
Darwin used the metaphor of natural selection and a terminology derived 
from the work of breeders to bridge over a major gap in his argument. 
He began with artificial selection and familiar examples in order to 
convince his readers that biological forms could be selected in accordance 
with external requirements. He assumed that in natural settings biologi- 
cal forms were functionally adapted. And he used the language of 
domestic selection in his analysis of natural contexts in order to bring his 
readers to make the ‘leap of faith’ required to see natural and domestic 
adaptation as equivalent processes (Young, 1971a). 

I have suggested, then, that the form of argument used by Darwin in 
his treatment of natural selection was a consequence of his commitment 
to the anthropomorphic perspective of commercial breeders and of his 
inability to provide detailed empirical evidence to support a thesis of 
which he was personally convinced but which he was unable to demon- 
strate formally. It follows from this latter point that Darwin’s account of 
the mechanism of natural selection, the linchpin of his theory, cannot be 
treated simply as a summary statement of regularities observed in nature. 
Let us look briefly at how Darwin, and Wallace who independently 
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reached the same conclusion, arrived at the ‘laws of natural selection’. In 
the first place, it is clear that their formulation was not gradually 
achieved by the systematic accumulation of evidence; although it was 
preceded by much data-collection. Both Darwin and Wallace had long 
had enough evidence to be convinced that natural evolution occurred and 
were looking for an explanation, when they each experienced a dramatic 
flash of insight to the effect that Malthus’s ‘laws’ governing human 
populations could be applied with even more force to animal and plant 
life. As a result, they suddenly saw the corpus of available observations 
from a new perspective. 

There is clear evidence here of informal, indeed subconscious, think- 
ing; of the kind of gestalt switch emphasised by Hanson, Kuhn and 
Holton. In this case, a solution to a major interpretative problem in 
biology was suddenly seen to be solvable by the displacement of concepts 
from another area of cultural activity (Schon, 1963). In order to 
understand this transfer of ideas, it is important to realise that Malthus 
was the most widely discussed author in Britain in the early years of the 
nineteenth century. Malthus’s analysis served as a basic cultural resource 
for numerous areas of intellectual life at that time. Moreover, not only 
was his argument employed by all the major evolutionary writers, but it 
was used in a variety of different ways. Malthus himself argued that the 
growth of human populations would prevent social progress from 
continuing beyond a certain level. Paley used the same argument to show 
that biological species were stable. Lyell drew upon Malthus to demon- 
strate how species were eliminated. Whilst Darwin and Wallace used the 
same basic idea to account for the origin of species. Malthus had 
undoubtedly hit upon a powerful, multi-purpose interpretative formula- 
tion. There was something about the Malthusian doctrine which fascina- 
ted the educated nineteenth-century British mind and which expressed 
what Holton would call ‘the style of thought of the age’. 

Malthus’s thesis grew out of the late eighteenth-century debate about 
the nature of man and the future of society. Utopian writers like Godwin 
and Condorcet had argued that man is infinitely perfectible, that human 
reason is supreme and that complete social harmony is attainable. This 
conception of social progress was a dominant eighteenth-century theme. 
Malthus argued, in contrast, that human and social perfectability were 
limited by the operation of a basic law of society; namely that whereas 
population tends to increase geometrically, the means of subsistence 
increases only arithmetically. It follows that population growth will 
always outrun subsistence and will be kept in check only through the 
elimination of the ‘poor and inept’ by the ruthless agencies of hunger and 
poverty, vice and crime, pestilence and famine, revolution and war. This 
central part of Malthus’s analysis was taken over by Darwin and by 
Wallace, and applied to the selection of biological organisms in natural 
settings. The best-adapted biological forms were seen as surviving the 
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struggle for life in the wild, in exactly the same way that the fittest 
individuals were thought to survive the rigours of industrialisation in 
laissez-faire Britain or equivalent pressures in other societies. 

Malthus’s original argument was so influential because it made sense of 
some of the disturbing social changes accompanying industrialisation and 
because it explained these events as the inevitable consequences of 
natural law (Sandow, 1938). Many members of nineteenth-century 
society were engaged in a bitter struggle for existence. Malthus sought to 
show that this had always been so and always would be so. Thus what 
Darwin and Wallace did was to transpose into the domain of biological 
theory an interpretation which had received its impetus and its justifica- 
tion from consideration of social phenomena. However, they carried out 
this transposition without having the detailed evidence necessary to 
document the biological laws which had to be assumed to operate if the 
Malthusian interpretation were to be accepted. Darwin was already 
convinced of evolutionary change and of the equivalence of domestic and 
natural adaptation. What he needed was a formulation which could 
explain adaptation in natural settings and provide a parallel to the 
actions of breeders on domestic populations. As he had no detailed 
evidence on which to build up a picture of how ‘natural selection’ worked 
(it could be presumed that this lack of evidence was due to the fact that 
the process was so slow and because the fossil record was fragmentary), 
Darwin completed his analysis by adopting the ready-made thesis 
available in Malthus. But although the Malthusian doctrine could be 
redesigned to meet Darwin’s requirements, it provided no more than a 
general interpretative formula. It is hardly surprising, given its origins in 
social debate, that Malthus’s argument did not bring Darwin any closer 
to specifying, for example, how inheritance is transmitted or how 
particular structures cope with environmental pressures. 

In proposing the theory of evolution by means of the mechanism of 
natural selection he was not really supplying a mechanism at all. 
Rather, he was providing an abstract account at a general level of how 
favourable variations might be preserved. He had to keep his account 
at a certain level of abstraction- since, as he confessed, he could neither 
specify the laws of variation nor the precise means by which variations 
were preserved. The acceptability of his account depended on its 
plausibility and its ability to explain in very general terms the sort of 
process which was involved. (Young, 1971a, p. 469) 
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covered over the assumption that domestic and natural variation are 
equivalent, by use of the anthropomorphic metaphor and the device of 
the figurative ‘wiser being’. Yet, despite the lack of evidence, the 
metaphorical argument and the continual weakening of his major claims 
in response to criticism, Darwin’s theory was immensely influential and 
highly successful in gaining widespread acceptance of the general idea of 
organic evolution. Two factors seem to have contributed significantly to 
this success. On the one hand, as Young (1971a) has shown, Darwin’s 
voluntaristic terminology made it easier to forge a theological position 
which could encompass his conclusions. God came to be seen as the 
‘wiser being’ who had designed the laws of nature so as to ensure the 
beneficent adaptation of biological forms. But equally important was 
Darwin’s reliance on the Malthusian argument which Victorians found 
so persuasive. As we have seen, the only novel part of Darwin’s theory 
was his application of Malthus’s argument to account for the emergence 
of new species (although Darwin’s research technique of acquiring data 
from breeders was also exceptional). It appears, therefore, that it was the 
combination of the evolutionary hypothesis with the powerful Malthusian 
thesis purporting to show how evolution actually worked, which made 
Darwin’s argument so convincing to many and a source of such dismay 
to others. 

The heavy reliance on Malthus by Darwin, and to a lesser extent by 
other evolutionists, is particularly interesting because it seems to have 
been based on certain assumptions about the nature of their society. This 
can be seen most clearly in the case of Wallace. In the late 1 870s, Wallace 
read and was convinced by Henry George’s socialist interpretation of 
society. Wallace came to believe that voluntary co-operation and reform 
were important social forces and could replace struggle and competition 
as the central agencies of social change. As Wallace changed his view of 
the basis of social life, so he rejected Malthus’s analysis. Malthus’s 
theory, he came to see, had no bearing ‘whatever on the vast social and 
political questions which have been supported by reference to it’ 
(Wallace in Young, 1969, p. 133). This seems to show that Malthus was 
convincing only so long as it was assumed that the marked inequality, 
the ruthless competition, the absence of welfare legislation, and so on, 
which were characteristic of nineteenth-century Britain, were necessary 
features of society. Only on this assumption was it possible to treat 
Malthus’s formulation as a natural law of society which was sufficiently 
well established to be transposed to the biological realm. There are some 
grounds, therefore, for suggesting tentatively that the use of Malthusian 
doctrine by Darwin and his colleagues was made possible by their sharing 
a series of background assumptions about the nature of social life which 
were derived from dominant features of their own society; and that 
similar presuppositions contributed to the influence of Malthus’s writ- 
ings and to the success of evolutionary theory. 
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The case of Darwinian theory seems to illustrate most of the main 
points made by Holton. Fundamental scientific conclusions were reached 
by informal, metaphorical procedures of reasoning which, despite stren- 
uous attempts at formalisation, left distinct traces on the form and 
content of the ensuing knowledge-claims. Scientists drew intuitively on 
external interpretative resources which were used to define the nature of 
their intellectual problems and to fill in the gaps in their analysis. The 
major interpretations proposed were not based directly on observation of 
biological phenomena. Rather they were taken over from practical 
activities and from the wider realm of philosophical, theological and 
social debate to provide the framework within which observations were 
given their scientific meaning. During the period that Darwinian theory 
emerged there seems to have been a body of related ideas, associated with 
the theme of struggle and adaptation, which was the main interpretative 
resource for a wide variety of intellectual endeavours. Whenever these 
were adopted by members of the emergent biological research specialism, 
efforts were made to separate them from their social origins and to devise 
formulations in which, as far as possible, they could be presented simply 
as descriptions of observed regularities (Young, 1971a). Consequently 
background assumptions originating in specific social relationships (as 
between Darwin and the breeders) or in broader features of society (like 
those implied in the Malthusian doctrine), have been gradually hidden 
from sight. As a result, most sociologists and many historians have 
accepted at face value Darwin’s own Baconian account of the epistemo- 
logical status of his conclusions. They have therefore failed to realise just 
how fragile the observational basis of Darwin’s theory was and how 
much acceptance of his claims depended on commitment to shared 
presuppositions. Given that Darwin’s theory influenced so many aspects 
of modern biology, it may well be that some version of these presupposi- 
tions has become built into the technical culture of biological science (see 
Rose and Rose, 1976, ch. 6). 

In the pages immediately above I have looked at one case in sufficient 
detail, I hope, to be convincing, instead of skimming more superficially 
through a number of instances. The critical reader, however, may think 
that too much reliance has been placed in this section on the one 
example. For the case of Darwinian theory might be misleading in two 
respects. First, as I pointed out above, the scientific community has 
probably become increasingly able to satisfy its own cultural require- 
ments during the last hundred years or so; and biological research, in 
particular, has undoubtedly become more specialised, more technical 
and less closely linked to broad social debate than it was in Darwin’s 
time. Thus the Darwinian illustration may seem out of date. Secondly, it 
may be that nineteenth-century biology was more open to outside 
influence (or less separated from what we now see as distinct areas of 
discourse) than has ever been true of physics and chemistry, which are 
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further removed intellectually from the social realm. There is a modicum 
of truth in both these propositions. The academic research community 
has been able to achieve a very considerable autonomy and social 
segregation; and the connections between scientific thought and social 
life have tended to be more obvious in the case of biology than in the case 
of chemistry and physics. Nevertheless, in recent years a number of 
historical studies have been completed which show that external influ- 
ences on the content of science have been confined neither to the distant 
past nor to the life sciences (see also Young, 1971b, and Rose and Rose, 
1976, on modern biology). Let me simply list some of the fields for which 
a reasonable case has been made and refer the reader to the sources 
given: thermodynamics and the conservation of energy in nineteenth- 
century physics (Brush, 1967; Elkana, 1974); the theory of relativity 
(Feuer, 1971; Holton, 1973); quantum theory (Forman, 1971; Holton, 
1973); and present-day organic chemistry (Slack, 1972). 

We can be fairly certain, then, that the analysis of Darwinian theory 
does exemplify processes which occur in the ‘harder’ sciences and in the 
prfesent century. It seems, therefore, to be possible to supplement the 
account sketched in Chapter 3 of the processes of knowledge production 
inside the research community with a more macro-sociological analysis 
(this kind of general approach is advocated in Stark, 1958); although, of 
course, much more comparative analysis is needed than can be attempted 
here. One way of linking internal and external processes may be through 
the notion of ‘interpretative failure’. In other words, it seems likely that 
scientists turn to other cultural areas when basic interpretative problems 
prove particularly difficult to resolve with their existing resources. In 
such situations, scientists are likely to look beyond their own community 
to other relatively systematic and co-ordinated bodies of analysis or to 
coherent practical traditions. Although interpretative failure seems to 
have been involved in the case of quantum theory as well as Darwinian 
theory, it does not always seem to be present. The crucial factor in the 
case of organic chemistry appears to have been the longstanding relation- 
ship between the research community and the chemical industry. This is a 
useful reminder that external demands expressing group interests may 
influence how scientists conceptualise their field, irrespective of external 
cultural resources (see also Nelkin, 1977, for a discussion of ecology, and 
Johnston, 1978, for a more general view). Moreover, bodies of culture 
are carried by social groups and the movement of cultural resources is 
often mediated through the relationships between collectivities. (This is 
probably least true of that commonsense knowledge which plays an as 
yet mysterious role in scientific thinking.) However, I have by now 
established the general point that the content of science is affected by 
social and cultural factors originating outside science. In the next section, 

I shall consider the movement of cultural resources in the opposite 
direction, that is, from the scientific community into the wider society. 



We will find that structured social relationships and group interests 
crucially important in understanding the processes involved. 

THE USE OF SCIENTIFIC CULTURE IN EXTERNAL POLITICAL SETTIN 

One major concern in the sociology of knowledge has been to show h 
society at large influences the production of specialised knowledge, 
the last section I tried to show that science need not be exempted fr 
this kind of analysis. A second important objective for the sociology 
knowledge has been to explore how knowledge is used in the course 
political activity. I intend now to consider briefly this second thei 
Sociologists' accounts of science and the political process have b 
formulated in accordance with the customary assumptions about 
character of scientific knowledge and the nature of the scientific et 
(see Blume, 1974). As a result, science and scientists have been seer 
occupying a rather special position in political life. 

In the first place it has been assumed, with little recognition of the n 
for close empirical documentation, that scientists are the bearers c 
type of knowledge which is unaffected by the social context in which ; 
used. ‘The theories, models, procedures and formulae of science . . . 
generally believed to allow one trained in their use simply to calculate 
unambiguously correct answer’ (Mazur, 1973, p. 251). Secondly, it 
been accepted that the supposed norms of science, such as disinterest 
ness and universalism, require scientists to act in a politically neu 
manner and that scientists continue to abide by these norms outside 
research community (Barber, 1952; Brooks, 1964; see also Ezrahi, 19' 

Clearly, if these two assumptions are correct, the increasing partici 
tion of scientists in the political sphere is likely to change dramatically 
character of the political process (Lakoff, 1977); that is, the realm 
‘politics and ideology’ will be reduced, and perhaps eventually elimi 
ted, as the range of application of certified scientific knowledge 
extended. Thus ‘if one thinks of a domain of “pure politics” wf 
decisions are determined by calculations of influence, power, or elect( 
advantage, and a domain of “pure knowledge” where decisions 
determined by calculations of how to implement agreed-upon values v 
rationality and efficiency, it appears . . . that the political domair 
shrinking and the knowledge domain is growing . . . ’ (Lane, 1961, 
61-2; see also Bell, 1960). Given the traditional sociological concept 
of science, this line of argument, sometimes called the ‘end of ideolc 
thesis, is quite reasonable. The assumptions on which it is based i 
however, clearly inconsistent with the approach which I have b 
developing. Let me try to show, therefore, where the argumem 
inadequate and how we can depict more accurately the way in wl 
scientists employ their cultural resources in the political context. 

In the traditional analysis of science and politics which has led to 



‘end of ideology’ thesis, scientific culture enters in the form of the 
standard set of social norms and in the form of context-free knowledge. 
Let me discuss the social norms first. These norms have typically been 
conceived, as we have seen, as a set of rules unambiguously specifying 
certain kinds of social action. In the realm of political analysis, they have 
been interpreted as requiring scientists to adopt a disinterested, politi- 
cally neutral, concern for objective data. Active engagement in politics 
has been considered as alien to scientists and as ‘essentially destructive of 
scientific endeavour’ (Haberer, 1969, p. 1). However, we have seen that 
the normative resources of the scientific community are by no means 
limited to those which have been customarily accepted as defining the 
scientific ethos. Furthermore, we have seen that the norms of science are 
best conceived, not as clear prescriptions specifying certain kinds of 
action, but as standardised verbal formulations from which scientists 
select in order to establish interpretations of their actions appropriate to 
particular social contexts. There are now a number of historical studies 
available of the connections between science and government, particu- 
larly in the USA, which are consistent with this revised view of scientific 
culture. They show that when scientists have entered the political context 
they have drawn selectively on their cultural repertoire in a way which 
has furthered their collective interests. They have used their resources to 
construct a political image or ideology particularly suited to the Ameri- 
can ‘democratic’ setting. 

In the first half of the nineteenth century, American scientists did not 
present a uniform image of science in their dealings with laymen. This 
seems to have been because they were involved with a variety of lay 
audiences and as a result produced varying accounts of what science was, 
what science ought to be and what part science played in society. As the 
century progressed, however, and as the scientific community increas- 
ingly emerged as a separate social entity, a more coherent view began to 
crystallise. 

Previously, science had been ‘sold’ to the public in terms of its contri- 
bution to important American values — utilitarian, equalitarian, 
religious — or even as a means of social control, depending upon the 
speaker’s best estimate of his audience. But in the 1870’s for the first 
time, great numbers of scientific spokesmen began to vocally resent 
this dependence upon values extraneous to science. The decade, in a 
word, witnessed the development, as a generally shared ideology, of 
the notion of science for science’s sake. (Daniels, 1967, p. 1699) 

This ideology was further elaborated and formalised, over the yeai^, 
particularly in the course of political negotiation over the provision of 
support for science. 

From the late nineteenth century until the present day, one of the 



crucial factors influencing scientists’ relations with government has been 
the cumulative increase in the size of the scientific community and in the 
cost of research. Increasingly, scientists have come to recognise that only 
central government can provide funds on a scale sufficient to maintain 
the pursuit of scientific knowledge (Price, 1963; Sklair, 1973). At the 
same time, scientists have striven vigorously, and with considerable 
success, to maintain what Gouldner calls the ‘functional autonomy’ 
achieved by academic or ‘pure’ science during the last century. In the 
course of their negotiations with government, scientists have argued for, 
and have been granted, extensive and increasing support in terms of 
research funds, educational facilities and personnel, coupled with mini- 
mal regulation from outside— particularly with respect to control over 
the elite activity of pure research. The arguments employed by scientists 
in these negotiations have come to take a fairly standardised form 
(Greenberg, 1969; Tobey, 1971; Haberer, 1969; Weingart, 1970). It has 
been argued, not only that scientific knowledge is intrinsically valuable, 
but also that, because it is the only truly valid type of knowledge, it 
necessarily leads to practical benefit. Science is depicted as being unique 
in its cumulative acquisition of unquestionable facts; which are obtain- 
able only so long as scientists are allowed to approach the study of nature 
with values which curb human tendencies towards bias, prejudice and 
irrationality. These values are described by scientists in terms, such as 
independence, emotional discipline, impartiality, objectivity, a critical 
attitude, and so on, which are virtually identical to those used in the 
customary sociological analysis. Moreover, the parallel does not end 
there. For scientists themselves had argued explicitly, several decades 
before sociologists of science did so, that science and democracy were 
especially compatible owing to their pursuit of common values and their 
common recognition of the need for scientific autonomy (Mulkay, 
1976a). For example, during the 1920s and 1930s in the USA, an 
influential scientific pressure group actively sought to gain acceptance 
within government and among the general public of the notion that 
‘American democracy is the political version of the scientific method’ 
(Tobey, 1971, p. 13). 

When sociologists first began the empirical study of the scientific 
community, they seem to have taken such public pronouncements by 
scientists more or less at face value and to have modelled their own 
analysis upon them. Sociologists seem to have been noticeably lacking in 
scepticism towards the public statements of scientists, compared with 
those of other groupings — probably because sociologists accepted 
without question the covert epistemology from which scientists’ accounts 
drew much of their strength. In the light of the analysis in previous 
chapters, however, we can see that scientists’ typical account of the 
nature of science and scientific values is quite inadequate. We cannot 
accept, therefore, that these standardised formulations were used by 



scientists in the political context simply because they were accurate or 
were the only ones available. Given that scientists could have derived 
quite different, yet still entirely plausible, accounts from their cultural 
repertoire, it seems reasonable to conclude that this particular version 
was chosen because it helped scientists to achieve their central objectives 
in the political context of North America. For if scientists select 
descriptions and justifications from the available vocabulary in accord- 
ance with their interests and the nature of the social context within their 
own community, that is, when dealing with persons who have first-hand 
experience of the social world of science, there is every reason to expect 
that they will do likewise in the course of their interaction with laymen, 
who will find it even more difficult to challenge their accounts. It is 
certainly clear that scientists have used their standard portrayal of science 
to justify political claims (Greenberg, 1969). Thus the epistemological 
element has been used to justify increased support for science: ‘Science 
must be kept healthy because it is the only source of valid knowledge.’ 
And the description of the supposed values of science has been used to 
justify its continued autonomy: ‘Science has a clear code of ethics which 
will only be disrupted by outside intervention. Such intervention can only 
lead to the distortion of scientific results and eventually to economic and 
military decline.’ This selective characterisation of science, by scientists, 
in the political context amounts to the creation of a professional 
ideology. 

So far in this section I have offered no more than the briefest sketch of 
the implications for the political analysis of science of my previous 
discussion of its normative culture (for further analysis, see Mulkay, 
1976a). If this interpretation is broadly correct, it means that the special 
compatability of science and democracy is little more than a conception 
created by scientists themselves for their own practical purposes. It also 
means that the ‘end of ideology’ thesis does not apply when scientists are 
involved in political negotiation about science itself. In this latter 
context, scientists seem to resemble other groups in pursuing their 
sectional interests and in developing an ideology in order to improve their 
chances of success. But what of situations where scientists’ own interests 
as a community are not directly involved and where scientists take part 
merely as providers of certified knowledge? It appears to follow from 
earlier arguments about the context-dependence of knowl^ge-clatos 
that scientists’ use of their technical repertoire will not differ in principle , 
from their use of social formulations; that is, the way in which scientists 
linterpret and draw on their expertise outside the research commumty will 
vary with the social setting in which they are operating and with their , 
position in that setting. 

In recent years several detailed studies have been carried out of the use 
made of scientific knowledge in the course of political debate. The mam 
conclusion of these studies is that scientific knowledge does not reduce 



the scope of political action, but rather it becomes a resource which can 
be interpreted in accordance with political objectives. This is clear, for 
example, in Nelkin’s study of the Cayuga Lake controversy (1971; 1975). 
The central scientific issue in this case was the environmental effect of 
building a nuclear power plant at Cayuga Lake. The State Electric 
Company, after it had been challenged on this issue by local scientists, 
spent over lYi million dollars on research. The recipients of this money 
produced results which were interpreted as providing clear refutation of 
previous criticisms and as entirely vindicating the company’s original 
plan. Various local groups, however, still refused to accept the com- 
pany’s proposal, raised new problems and continued to produce alterna- 
tive scientific analyses. Participants were no more able to agree about the 
‘scientific realities’ after five years of debate than they had been at the 
outset and the dispute ended with the political defeat of the Electric 
Company, despite its massive expenditure on research. 

The use made in this case of scientific knowledge-claims seems not to 
be unusual; nor is the selective use of such claims confined to issues 
which fall within the domain of ‘immature’ scientific disciplines (King 
and Melanson, 1972; Nelkin, 1975). Opposing parties in political disputes 
involving technical issues can usually obtain the services of reputable 
scientists who will provide data to buttress their policy and to undermine 
that of their opponents (Benveniste, 1972). By now it is clear why this is 
possible. We have seen that the formulation of scientific facts depends on 
prior commitments of various kinds, that these commitments are often 
made in accordance with participants’ position in a specific social setting, 
and that they influence the informal acts of interpretation which are 
essential to give meaning to observations. We would expect, therefore, 
that scientists occupying differing positions in a political context would 
often bring different presuppositions to bear and that their informal 
reasoning would be subtly influenced by the assumptions of the group to 
which they were affiliated. This view receives support from the few 
studies at present available. These studies indicate that scientists’ entry 
into the political arena affects their interpretation of their technical 
culture in three ways: it influences their definition of technical problems; 
it influences the choice of assumptions introduced in the course of 
informal reasoning; and it subjects scientists to the requirement that their 
conclusions be politically useful. 

The selective definition of problems is particularly obvious in the 
Cayuga Lake controversy. In this case scientists defined the technical 
issues in various different ways which, although they may have been 
reconcilable in principle, were not in fact reconciled during the debate 
but were instead used to generate different technical programmes, to 
‘justify’ different policies and to support different interests. For 
example, in one scientific report, sponsored by the Electric Company, 



area and the conclusion was reached that the environmental effect of the 
power plant would be negligible. Some scientists in the local community, 
however, maintained that the total parameter of the lake had to be 
considered and that when this was done the conclusions of the company- 
sponsored research about thermal pollution had to be rejected. Other 
scientists thought that this was too restricted a framework and urged that 
the input of the power station be considered as part of the total lake 
system. This perspective, once again, gave rise to a different scientific 
analysis and to different practical implications. Mazur’s (1973) examina- 
tion of the debates over the effects of radiation and fluoridation upon 
public health illustrates the same tendency for scientists to define issues 
differently and consequently to reach divergent conclusions. Mazur 
shows that in both these debates some scientists concerned themselves 
primarily with acute poisoning and accordingly judged the risks from 
radiation or fluoridation to be low; whilst others thought in terms of 
chronic poisoning, the risk of which appeared to be significantly higher. 
As in the Cayuga Lake example, the lengthy and critical nature of these 
disputes as well as the failure to reconcile differences shows that scientists 
became remarkably committed to these narrow definitions of the 
problem. 

Scientists’ choice of a particular definition of a technical problem 
cannot itself be decided by observation and systematic inference alone. 
Rather, it precedes and is presupposed in observation and analysis. 
Moreover, the choice of such a definition in these political debates often 
seems to have depended on a prior social commitment (see Nelkin, 1971, 
and Mazur, 1973). Thus in the studies already mentioned it seems that 
those scientists who spoke on behalf of the Water Authorities, the AEC 
or the Electric Company, chose perspectives which defined the issues in a 
manner favourable to their patrons’ policies. Similarly, those who 
represented opposing interests worked from quite different definitions 
which enabled them to reinterpret and to challenge their adversaries’ 
conclusions, and to defend their own collectivity from what they saw as a 
threat. 

Mazur notes that it is possible to treat these disputes as arising from 
failures of communication which could perhaps be remedied by showing 
both parties that they were defining the problem differently and that they 
were, therefore, arguing at cross-purposes. He stresses, however, that this 
seldom, if ever, happens in practice. It appears to be very difficult for 
scientists engaged in public debate to adopt a Mannheimian strategy and 
to redefine their problems at a higher level where apparently divergent 
views can be reconciled. It is much more usual for differences in 
underlying definitions and in basic premises to become obscured or to be 
ignored as both sides present their findings as ‘the definitive facts’ about 
radiation or whatever. Mazur and Nelkin have shown that the various 
parties in any particular dispute tend to use an identical pattern of 



rhetoric. As in informal negotiation within the research community, 
observational claims are embedded in a series of highly standardised 
formulations of a social kind, which are used to discredit one’s oppon- 
ents and to strengthen one’s own assertions. Clearly neither side in this 
kind of debate is engaged in formal scientific demonstration within a 
common scientific framework. Both are engaged in informal negotiation 
and are seeking to substantiate conclusions which are appropriate to their 
social commitments. 

In addition to influencing scientists’ definition of the problem, social 
commitments influence the detailed processes of scientific reasoning. 
Mazur observes that: 

. . . complex technical problems of the state-of-the-art require subtle 
perceptions of the sort which cannot be easily articulated in explicit 
form. When it is necessary to make a simplifying assumption, and 
many are reasonable, which simplifying assumption should be made? 
When data are lacking on a question, how far may one reasonably 
extrapolate from data of other sources? How trustworthy is a set of 
empirical observations? These questions all require judgements for 
which there are no formalised guides and it is here that experts fre- 
quently disagree. (1973, p. 251) 

Not only do scientists disagree, but they sometimes introduce non- 
technical resources from the political setting into their analyses in order 
to resolve their interpretative difficulties. For instance, Mazur discusses 
scientists’ treatment of the relationship between low-level radiation and 
the incidence of leukaemia. He shows that several models or interpreta- 
tions have been formulated which appear to be consistent with the 
available data. The element of judgement which is essential in choosing 
between these models seems frequently to be dependent on, or at least 
associated with, scientists’ views about public health policy. 

This theoretical ambiguity has major implications for the technical 
debate over permissible radiation standards. It should be noted that 
the ‘threshold’ model implies that dose levels below the threshold will 
not harm the population (through leukaemia). The ‘linear’ model 
implies that there will be some incidence of leukaemia no matter how 
low the dose to the population. The two models differ, then, on 
whether or not there is a ‘safe’ level of radiation exposure for the 
population. The ambiguous nature of the dose-effect curve is well 
recognised by radiation biologists, and many assume the ‘linear’ 
model, not necessarily because they consider it true, but because it is 
the most conservative model for purposes of public safety. (Mazur, 
1973, p. 254) 



In such a situation, one possible option is that of admitting openly that 
no clear scientific conclusion is possible. But scientists have not normally 
acted in this way. One reason for this may be that scientists enter the 
political context as purveyors of certified knowledge. They have nothing 
to offer other than the supposed certainties of science; and if they were to 
present their conclusions as no more than ‘plausible guesses’ based on 
uncertain foundations, they would carry little political weight. More- 
over, scientists are expected to and are usually inclined to present their 
conclusions in terms of the formal calculus of science. But in order to do 
this, scientists have to commit themselves to particular informal judge- 
ments which subsequently become hidden from view behind an imper- 
sonal terminology and a rhetoric which presents scientific findings as 
objective representations of the external world. 

For instance, it is generally agreed among scientists that there is a 
connection between exposure to ionising radiation and the occurrence of 
leukaemia and thyroid cancer. The evidence of a connection between 
radiation and other forms of cancer, however, is believed by many to be 
less compelling. There is, therefore, a considerable range of opinion on 
this issue, each opinion being supported by differing estimates of the 
reliability of particular experiments and observations, by varying inter- 
pretations of the causal processes involved, and so on. In the political 
context, the important question is whether given levels of radiation 
constitute a high or low risk to public health. Scientists have responded 
to this question by calculating the number of cancer cases per year which 
will be produced by low-level radiation. The figures produced have 
varied enormously, at least partly because those responsible for these 
calculations have begun from different basic judgements about the 
relationship between radiation and the various types of cancer. At one 
extreme there have been a few vocal critics of the Atomic Energy 
Commission, who have asserted as a ‘scientific law’ that all major forms 
of cancer are produced by radiation and who have consequently calcula- 
ted the risks of radiation to be very high. At the other end of the 
spectrum there have been scientists, such as those working for the AEC, 
claiming that this estimate ‘does not square with the facts’ and that 
calculations should begin from the established premise that only 
leukaemia and thyroid cancer are caused by radiation. 

What has happened here and in other instances is that scientists have 
quantified and applied formal techniques of inference to their informal 
judgements; they have presented the results as incontrovertible facts; and 
they have sought to persuade the uncommitted by using the social and 
technical rhetoric of their professional community. All areas of scientific 
research are characterised by situations in which the established technical 
culture permits the formulation of several reasonable alternatives, none 
of which can be shown conclusively to be more correct than another. It is 
in making choices between such alternatives, whether at the level of 



broad definitions of the problem or at the level of detailed analysis, that 
scientists’ political commitments and the pressures of the political 
context come into play most clearly. 

In this section I have tried to show that when scientists enter social 
contexts outside the research community, such as the wider realm of 
political activity, they select from and reinterpret their cultural resources, 
both technical and social, in response to the social context and in 
accordance with their position in it. This brief and incomplete discussion 
of the movement of cultural resources out of the research community 
supplements the prior examination of external influences on the content 
of science. These two sections complete the preliminary analysis offered 
in this book by showing that the processes of negotiation and cultural 
reinterpretation within the research community are linked to similar 
processes occurring in society at large. They show that scientific know- 
ledge must be seen as one part of a complex movement of cultural 
resources throughout society — a movement which is mediated through 
and moulded by the changing pattern of social relationships and by the 
clash of group interests. 

BRIEF SUMMARY AND CONCLUDING REMARKS 

I began this book by showing that, because sociologists have customarily 
regarded scientific knowledge as having a special epistemological status, 
they have treated the production and legitimation of scientific formula- 
tions as a special case within the sociology of knowledge. The content of 
scientific knowledge has been excluded from sociological analysis 
because it has been assumed that scientists have found ways of ensuring 
that their conclusions are determined by the nature of the physical world 
itself. Once sociologists had accepted that science provided an objective 
representation of the external world, it appeared to follow that the 
scientific community had to have certain distinctive characteristics; for it 
seemed difficult to conceive how objective knowledge could be contin- 
ually generated by a community which did not have these characteristics. 
In particular, the scientific research community was seen as necessarily 
having an intellectually open and universalistic normative structure, as 
being politically neutral and as operating most effectively in societies 
which allowed science considerable autonomy. 

The standard philosophical view of science, which sociologists of 
knowledge took for granted in treating science as a special case, 
furnished a fairly coherent account of scientific observation, the relation 
between fact and theory, the uniformity of nature and the criteria used to 
validate scientific knowledge-claims. In Chapter 2 I tried to show that 
this traditional philosophical analysis was beset by grave difficulties and 
I tried to sketch the broad outline of an alternative view which grows out 
of recent philosophical debate. I argued for example, that the principle 
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of the uniformity of nature is best seen, not as an assumption that 
sociologists themselves have to make about the physical world, but rather 
as a part of scientists’ resources for constructing their accounts of that 
world. I also argued that the factual content of science should not be 
treated as a culturally unmediated reflection of a stable external world. 
Fact and theory, observation and presupposition, are inter-related in a 
complex manner; and the empirical conclusions of science must be seen 
as interpretative constructions, dependent for their meaning upon and 
limited by the cultural resources available to a particular social group at a 
particular point in time. Similarly, general criteria for assessing scientific 
knowledge-claims cannot be applied universally, independently of social 
context, as most sociologists have previously assumed. These criteria are 
always open to varied interpretations and are given meaning in terms of 
particular scientists’ specific intellectual commitments, presuppositions 
and objectives. In short, I argued that the cognitive/technical resources 
of scientists are open to continual change of meaning; that there is, 
therefore, nothing in the physical world which uniquely determines 
scientists’ conclusions; and that consequently it is appropriate for 
sociologists to look closely at the ways in which scientists construct their 
accounts of the world and at the ways in which variations in social 
context influence the formation and acceptance of scientific assertions. 

In the third chapter I showed that the longstanding sociological 
analysis of the normative structure of science was inadequate, quite apart 
from its inconsistency with the revised philosophical position proposed in 
Chapter 2. 1 suggested that what had been taken by sociologists to be a 
complete set of basic principles specifying proper conduct for scientists 
engaged in research should be seen as no more than part of a complex 
social repertoire which scientists use flexibly in the course of negotiating 
the meaning of their own and their colleagues’ actions. In addition, I 
examined a number of recent case studies which appeared to show that 
there is no clear separation in science between the negotiation of social 
meaning and the assessment of knowledge-claims. Both social and 
cognitive/technical formulations have to be selected and interpreted by 
participants in particular instances; and both kinds of resource acquire 
their specific meaning as they are combined in the sequence of informal 
interaction plus formal demonstration whereby knowledge-claims come 
to be ratified. 

Once we have abandoned the orthodox philosophical view of science, 
it becomes possible to accept that the social negotiation of knowledge in 
various kinds of scientific research context is a legitimate, indeed a 
fundamental and as yet largely unexplored, topic for the sociology of 
knowledge. But it must never be assumed that the production of 
knowledge by scientific specialists is entirely divorced from the wider 
social and cultural context. It is in recognising this that the argument I 
have advanced here links up with the more traditional concerns of 



sociologists of knowledge. In the final chapter I have used the case of 
Darwinian theory to show in detail how cultural resources from society at 
large can enter into the very form and content of scientific claims as well 
as, possibly, playing a significant part in their acceptance. Sometimes the 
connection between science and the wider society is established by means 
of direct social contact between scientists and outsiders; but it can also 
arise in a more diffuse way through scientists’ ability to select from and 
reinterpret cultural resources generally available during a specific period 
to the members of a particular society or a particular social class. 

In this last chapter I also considered briefly the implications of my 
overall thesis for another central concern of the sociology of knowledge, 
namely, the political actions of knowledge-producers. I suggested that, 
as one would expect in the light of my previous argument, scientists’ 
knowledge-claims can be affected by their position in a political context 
and that elements of a political context may become built into scientists’ 
assertions about the natural world. I also tried to show that the growing 
engagement of scientists in the political arena in no way signals the end of 
political ideology, as had been widely assumed. I argued instead that 
scientists’ own claim to be politically neutral was itself ideological, in the 
sense that it constitutes a selective employment and interpretation of the 
cultural resources available to scientists, in a way which favours the 
vested interests of their specialised community. 

The argument presented in this book and summarised immediately 
above opens up numerous lines of empirical research and analysis which 
have previously been largely ignored by sociologists. For instance, once 
we cease to take it as self-evident that scientific knowledge-claims are 
assessed by clear-cut, pre-established criteria, it becomes possible to 
accept that non-technical considerations may systematically influence the 
allocation of scientific credit. Consequently, it becomes possible to 
approach the study of social ranking in science in a radically new way 
and to explore for the first time how far the phenomena of power and 
domination are present within the research community. This possibility 
was discussed at the end of the first chapter. In the second chapter, one 
of the most interesting ideas to emerge was that scientific propositions 
are not stable in meaning, but are reinterpreted as they move f^rom one 
social context to another. This process of reinterpretation is at present 
little understood and is in need of detailed sociological investigation. For 
example, it would be particularly helpful to have studies of the variations 
introduced into specific general-purpose formulations in various contexts 
as well as careful analysis of how these variations were devised to meet 
the requirements of these contexts. 

In Chapter 3, the central theme was that of the social negotiation of 
scientific knowledge. As I stressed in that chapter, my treatment of this 
topic left many gaps and, therefore, many avenues for further study. One 
important point which did become clear was that the evaluative 



repertoire of scientists is much more complex and extensive than 
sociologists have previously assumed. Accordingly, if v^e are to achieve a 
better understanding of the nature of social negotiation in science, we 
must have more studies like that of Mitroff which provide wide-ranging 
and detailed documentation of the moral language of science. But this 
alone, although essential, is not enough. For we must also find various 
ways of ascertaining just how the repertoire of social evaluations 
contributes to the interpretation and acceptance of specific knowledge- 
claims. 

In this final chapter the main theme has been the movement of 
interpretative resources into and out of the research community. A few 
political scientists such as Nelkin and Mazur have already begun to study 
how scientists adapt their specialised knowledge to the pressures of 
political debate. Such studies are, however, still few in number and I 
hope that this book will convince some sociologists that this is a 
potentially fruitful realm of inquiry. But an equally important and 
related topic, which has been completely ignored by social scientists until 
very recently, is that of the influences on scientific knowledge originating 
outside the social networks within which scientific research is carried 
out. Thus it has become clear in the course of the present chapter that 
one of the major tasks now facing sociologists of knowledge is to portray 
the dynamic social processes whereby science absorbs, reinterprets and 
refurbishes the cultural resources of modern industrial societies. From 
the new perspective advanced here, science should not be treated as a 
privileged sociological case and kept separate from other areas of 
cultural production. Rather, every effort should be made to investigate 
scientists’ debt to the wider society and to delineate the complex 
connections between cultural production in science and in other areas of 
social life. 

These are just a few of the more obvious topics for further research 
which grow out of the analysis presented in this book. In addition there 
are numerous issues which are less easily perceived, yet which require 
careful examination in the light of this new conception of the sociology 
of science. Perhaps the most important of these is the question of the 
relationship between science and technology. From the standard view of 
science this relationship is relatively unproblematic. For effective techno- 
logy is seen as a simple by-product of objective knowledge. But if we 
stress the socially and culturally contingent character of scientific 
knowledge, we must be prepared to question the widespread assumption 
that modern technology is on the whole a derivative of basic scientific 
research and/or to move towards an analysis of the social meaning of 
technology. I do not intend to pursue this kind of complex issue any 
further here, however. I hope that many readers will do this for 
themselves and that they discover in the text various interesting topics 
and unresolved issues worthy of systematic study that I have not 
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identified explicitly. If this happens, this book will have achieved one of 
its central aims, namely, that of helping to make the study of science a 
lively region within the sociology of knowledge. 
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